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UPON THE PRODUCTION OF RAPID. VOLUNTARY 
MOVEMENTS. By JOHN BERRY HAYCRAFT, M_D., 
D.Se., Professor of Physiology in the University of Wales. Physio- 
logical Laboratory, Cardiff. (Eight Figures in Text.) 


Turner j is a method of increasing the velocity of a movement, and at the 
same time of producing a maximum rate of work, which has received 
little attention from physiologists, although it has not escaped the keen 
and critical observation of Fick*. As I find that this method of 
producing rapid movement is, in the case of certain animals, of the 
utmost importance, for they depend upon its use for their very ex- 
istence, I have looked somewhat more closely into the matter, and 
venture to embody my results in the present paper. . 

In order to understand the principle of this method we must bear in 
mind that the absolute muscular force is not developed instantaneously 
(Helmholtz). If a muscle be lightly loaded, the muscular force 
sufficient to raise the weight will be developed say in one hundredth 
of a second ; if it be loaded with a heavier weight, the greater muscular 
force requisite to raise it in this case will not be developed say for three 
or four hundredths of a second. It follows from this, that, under the 
conditions which ordinarily obtain, a muscle can never conduct a 
movement throughout with its greatest muscular force. If for instance 
we contract the biceps using the greatest effort of the will the muscle 
will raise the arm, but not by the greatest muscular force which the 
muscle is capable of using. The reason is that inasmuch as the muscular 
_ force takes time to ‘grow’ it will have just counterbalanced the weight 
of the limb, and the movement will have commenced before it has reached 
its maximum. Indeed as we shall show the whole movement will have 
finished before the absolute muscular force could have had time fully 
to form. 

It is however evident that if the limb be held by a ‘catch,’ the 
muscular effort then made, and the limb released when the muscular 


1 A. Fick, Specielle Bewegungslehre. Hermann’s Handbuch d, Physiologie. 
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force has fully developed, it will then move with its greatest possible 
velocity, and the rate of work will for a short period of time be far 
greater than that which occurs during an ordinary movement. This 
method of increasing the velocity and the rate of work I would venture 
to call the ‘hold and let go method.’ In man we utilise this method 
to but a slight extent: we do however extemporise a sort of catch 
mechanism with our fingers when we ‘snap our fingers.’ If we flex the 


_ middle finger, and bring it down as quickly as we can against the ball 


of the thumb its movement is slow and the impact is hardly audible. 
If however we prevent the flexion from taking place, by interposing the 
thumb, until the muscular force has fully developed, and then let it 
suddenly go, it will strike against the ball of the thumb with so much 
velocity that the snap may be heard many yards away: We shoot a 
marble or pellet in much the same way. 

The experiments of Helmholtz upon the development of the 


_ absolute muscular force were conducted upon the excised muscles of 


a frog subjected to electrical stimulation. We may therefore now 
enquire whether the maximum force within a muscle which is pre- 
vented from contracting takes a longer or shorter time to develop, than 
the time taken up by a complete and unresisted voluntary contraction. 
We may study, for instance, the time it takes for the muscles flexing 
the middle finger to develop a muscular force just more, say, than the 
weight of eight pounds acting on the finger tip. If we then record the 
time it takes for the fully extended and unresisted middle finger to 
flex itself with its greatest attainable velocity, we can compare these 
two measurements with each other. If, as is the case, we find that 
a complete flexion is shorter than the time required for the muscles 
to acquire their maximal force, in this case measured against eiglit 
pounds, we learn that in an unresisted flexion the muscular force can 
never fully be developed, even towards the end of the movement. 

In order to obtain the above data the following experiments were 
performed (Fig. 1). Two indiarubber bags were connected by rubber 
tubes each with a Marey’s writing tambour. . The two tambours werey 
arranged to write in vertical series upon a rapidly moving drum upon 
which the vibrations of a chronograph marking hundredths of a second 
were also recorded. One bag was fastened to the palm of the hand in 
such a position that it would be compressed by the finger at the end of 


‘flexion. The other bag was held in a fixed position by means of a 


clamp. In order to record the time taken to flex the middle finger, this 
was first straightened, and its tip pushed a little way into — Seed 
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indiarubber bag. During the revolution of the drum, the finger was 
flexed as rapidly as possible, the commencement of the movement being 


Fig. 1. Method of recording the time taken to flex the middle finger. The finger before 
the act indents a rubber ball connected with the upper writing tambour, which registers 
the moment the act commences. At the end of flexion the finger presses a closed 

indiarubber tube held on the palm of the hand, and communicating with the lower 
q tambour. A chronograph marking yj, sec. is seen. 


registered by the expansion of the fixed bag, and the lowering of its 
writing lever, and the end of the movement being indicated by the 
compression of the tube ni the palm of the hand, and the raising of 
its lever: 


First experiment 
Second 100° 
‘ 75 
Third 100" 
: Mean of three experiments a of second. 


In order to obtain the time necessary for the production of the 
muscular force the following plan was adopted. A spring meat-weigher 
was suspended from the ceiling by a cord and pulley, and its lower end | 
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held fast by acatch (Fig. 2). On pulling the cord and raising the weigher 
the spring could be stretched, in the case of the machine used by me, by 
a force equivalent to any weight up to twelve pounds. Supposing that 
it is stretched so that the index registers six pounds it is evident that if 
we elongate the spring just a little more we shall be applying a force 
just over six pounds. The catch which held the spring down to the 
table was of such a nature (Fig. 2) that it could be depressed by the 


Fig. 2. Method of recording the time taken for the development of muscular force.. The 
upper tube (closed at one end) and pressed by the finger registers by the upper tambour 
the moment at which the finger begins to flex. The lower tube records the moment 
recorded by a chronograph. 


finger, and this of course took place as soon as the force registered by 
the spring was overcome. In order to register the time at which the 
finger began to contract, an indiarubber tube closed at one end and 
connected with a Marey’s tambour was placed upon the catch, and upon 
this the resting finger was placed. As soon as the finger was bent this 
tube was pressed against the catch. In order to register the time at 
which the catch was displaced downwards by the force applied by the 
finger, a second tube was pushed between the catch and a block of 
wood, or generally the experimental table itself. 

The instrument will of course have a certain period of latency, that 


‘is to say, without any tension of the spring the lower tambour will not 
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register at precisely the same moment as the upper one. In my experi- 
. ments this was almost exactly one hundredth of a second and was largely 
due to the time required to compress the upper tube and reach the solid 
surface of the catch. 

In performing a series of experiments with this apparatus, the spring 
was first put upon the stretch until it registered eight pounds, a degree 
of tension that I could just overcome by considerable effort. The time 
the muscular force required for its development was given by the 
interval between the upstrokes of the two tambours less one hundredth 
of a second (the latent period of the instrument). The spring was then 
stretched so that it registered six pounds and the interval again de- 
termined, and then the experiment was repeated for the registration of 
the index at four and at two pounds. 


Time in secs. required for development of daclin muscular force. 
a. Exp.b. Exp.c. Mean of 


a, b and c. 
3 2°5 3 
(1) Just to overcome 2 lbs. i00 
42 4 4 4 
(2) Just to overcome 4 lbs. i00 ine 
| 5°5 8 7 «68 
(3) Just to overcome 6 lbs. 100 
(4) Just to overcome 8 lbs. 


sie Bie 
\ 
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2 4 6 


Fig. 3. Curve representing the time taken for the development of the absolute muscular 
force. The abscissw represent the weights in pounds overcome by the muscle, the 
ordinates the time in which this took place (,4, secs.). 
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It will be noted that the muscular force requires time for its de- 
velopment, so much so that an interval of about 4th of a second must 
elapse before the maximal force is reached. On referring to page 3 
it will be seen that the whole movement of flexion. of the finger takes 
but 4th of a second, so that it is impossible for an unresisted flexure to 
take place under the influence of the maximal muscular force. 

If we plot the mean results of the above table in the form of a'curve, 
we shall see that the latent period for the absolute muscular force 
required to overcome a force of four pounds is not twice as great as that 
required to overcome two pounds, and the curve exhibits a convexity 


ae upward. When we come towards the higher limits, however, the latent 


period is markedly increased. 


its Sec. 
Fig. 4. 


We have now to enquire how much greater is the velocity of a 
movement checked in its initial stage than is that of a movement made 
in the ordinary way. To ascertain this, tracings were obtained of a 
style attached to the tip of the middle finger, and arranged to write 
upon the plate of a pendulum myograph. The curve (a) represents the 
path of a rapid movement of flexion made in the ordinary way. Curve 
(6) represents the path of the same finger held during the stage of 
initial contraction, and then suddenly let go. The dotted curved lines 
represent the paths traced by the finger on the stationary plate. It 
will be observed that in curve (a) the finger is raised to A’, which is 
about two inches from the abscissal line, during the time that the plate 
has travelled from A to A’, or in about a of a second, “Its mean 
velocity is therefore about 80 inches per second. In the curve (b) a 
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movement to the same height has occurred while the plate has been 
travelling from B to B’ which is in about +4, second. The velocity 
in this case is therefore 300 inches per second, a velocity about four 
times greater than in the case of curve (a). 

We see that by the ‘hold and let go’ method of contracting we 
have the greatest possible “rate of work” that a muscle can produce. 


By the rate of work is meant the amount of work performed in a given 


time, and although by this method the work is over and done in a very 
short space of time, yet during that time the rate is very great. 


Fig. 5. 


From the above experiments this rate of work cannot be determined 
because the resistant force against which the muscular force is measured 
is unknown. ll we know is that the rate of work in the case of the 
muscle held during its initial contraction was much more than the rate 
_of work in the other case. | 

In the following experiment the rate of work can be determined, 
for the absolute muscular force was used to antagonise a force of 
measurable strength, namely, that of gravity acting upon the mass of 
matter in a five gramme weight. 

The muscle suddenly received a rapidly interrupted current see 
recorded its contraction upon a pendulum myograph. The point of the 
style was raised to the point A’ corresponding to a contraction of the 
muscle itself of 4 centimetres. This took place while the plate was 
travelling from A to A’ a period of ;8; second. Five grammes were 
therefore raised *4 centimetres in ;8, second, the rate of work being 25 
gramme centimetres per second. In the case of the curve b the same 
muscle similarly loaded and stimulated was held by a catch during the 
initial stage of contraction and the catch was then suddenly released. 
It contracted to B’ (-4 centimetres) while the recording surface travelled 
from B to B during in fact y4, second. The rate of work is here 
5 grammes lifted “4 centimetres in yg}, Second or 400 gramme centi- 
metres of work per second. 


It will be noted that the latter figure does not give the maximum — 
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rate of work obtainable from the ‘hold and let go’ method, for the 
weight was a comparatively light one. 

We see then that by this ‘hold and let go’ method we can for a 
very short time produce not only a great velocity of movement but 
also a very great rate of work. Although the higher animals do not 


utilise it to any great extent in their movements yet it occurred to 
me that perhaps among invertebrate types I might find instances of its 


employment. | One naturally turns to the study of animals which make 
sudden springs in order to change their position. The grasshopper 
was the first animal investigated, for not only does it spring for great 
distances but its legs are provided with stiff projections and hooks, 
which, although they are utilised for other purposes, might likewise be 
used to attach the leg to the sides of the animal during the initial 
stage of contraction. Grasshoppers were watched but it was evident — 
that they did not utilise these projections, indeed they may all be 
removed by the aid of a sharp pair of scissors without interfering at all 
with the spring. 

It then occurred to me that the well-known click-beetle (elater, 
Springkifer) jumps in this way. This little creature when it falls upon 
its back cannot right itself in the ordinary way because its legs are too 
short to touch the ground (Fig. 7 a). 
It however suddenly springs into the 
air with a clicking sound, and gener- 
ally falls upon its feet. With the 
assistance of my colleague Professor 
Parker I obtained access to the 
zoological literature bearing upon the : 
subject. It appears that the elater - , Fig. 6. 
when it is about to spring bends its 
prothorax backwards, and hooks a spine into a depression of its 
mesothorax. It then contracts its extending muscles, lets go with the 
hook, and is propelled upwards with considerable velocity. The click 
made by the sudden separation of the hook from the mesothorax can 
be heard, and if the little creature be lightly held in the fingers it 
will generally attempt to get away, and one can feel the click with 
the fingers. 

The common cheese maggot (Fig. 7b) is however provided with the 
most interesting ‘hold and let go’ mechanism that I know of and to this I 
have been unable to find a reference in the books, The apparatus can 


readily be studied by an inch objective, and it is advisable to kill the 
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maggots and mount them in glycerine. They are most difficult to kill 
by ordinary fixing methods, for they live for a day or more in absolute 
alcohol, saturated corrosive sublimate, formyl aldehyde, and do not 
appear to mind osmic acid, protected as they are by a thin but imper- 
vious chitinous covering. Heat at once kills and fixes them. At the 
thicker end or tail of the maggot (Fig. 6b) we find two — bent very , 
strong horns. At the head (Fig. 6a) is 
a groove running in the length of the 

maggot, the sides of the groove having (y) 
deep transverse furrows. When the — 

maggot is about to jump it bends its 
head and tail together and fixes one Fig. 7. 4 
of the hooks in the ridged furrows to 

which it sticks. The maggot then extends itself and evidently contracts — 
its muscles to the utmost.: The hook is suddenly released and the 
maggot is projected upwards several times its owp length (Fig. 8). 


Fig. 8. An instantaneous photograph of a group of cheese-maggots. Some are curling 
round to fix the tail to the head. The upper one has already done this, is straining 
to extend itself, and is just about to unfix itself and jump into the air. 
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INTRODUCTION. 


THE observations which have been made in the past upon the gases 
taken from or yielded to the atmosphere by excised muscles have been 
subject to particularly disadvantageous circumstances, resulting in the 
main from the unsuitability of the methods of analysis to an attack 
upon physiological problems. 

In the first place the material used for the work has in almost all 
cases been the leg muscles of the frog, which are necessarily small. 


1 This research was undertaken during a tenure of the Coutts Trotter Studentship. 
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The estimations of the changes produced by the exposed muscles in the 
composition of the surrounding medium have been made by gasometric 

(eudiometric),; or even by gravimetric methods. The conjunction of 
these methods with the employment of small masses of muscle has made 
it impossible to obtain the necessary accurate determinations of changes 
in the gaseous medium during any but relatively long periods. 


Another objection, of very general application, may be based on the 


fact that during nearly all the observations made upon “ muscle-respi- 
ration,” the muscle investigated has been placed in a closed, usually 
small volume of air, the changes in which have been determined after 
the lapse of a relatively long time. It follows that the results so ob- 
tained are open to the charge of all the errors which may arise from 
the long exposure of the muscle to the accumulated products of its own 
activity. 

It must be remembered, lastly, that all the best known experiments 
upon this subject were conducted at a time when the action of 
micro-organisms in producing putrefactive changes had not received 
recognition, and it will be found that the failure to eliminate this very 
important factor in CO, production has rendered whole groups of past 
experiments valueless, | | 

In the history of the study of “muscle-respiration,” the most 
important advances of knowledge have been those due to the researches 
of Hermann. Instead of expressing, like Valentin, the gaseous 
interchanges as the result of a reaction between the atmosphere and 
the muscle substance, determined in amount rather than in character 
by the condition of the muscle, Hermann regarded part at least of the 


interchange as a function of the muscle substance itself and an expres- . 


sion of activities comparable with those of which the muscle is the seat 
during life. It will be shown below that it is particularly in relation 
to the study of special activities like those of contraction and rigor 
mortis, as dealt with by Hermann, that the disadvantages belonging 
to methods of estimation which demand for accuracy long experimental 
periods, have been most apparent. 

From some preliminary experiments upon the rate of the discharge 
of CO, after excision, I found that for the study of changes in that rate, 
particularly of those produced by special experimental interference, it 
would be necessary to éstimate with accuracy to #, of a cubic centimetre 
of CO,, and to make continuous estimations of the discharge of CO, 
from the same muscle at intervals down to ten minutes. The latter of 
these conditions amounts to a demand for great speed fs estimation. 
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12 W. M. FLETCHER. 


For the fulfilment of both, only the volumetric method (method of 
titration) is applicable, for by its use accuracy of estimation need not 
be obtained at the expense of the ease and rapidity of manipulation. 
An apparatus embodying the ordinary method of estimation of CO, 
—the titration of baryta water after absorption of the gas,—by means 
of standard acid has been arranged by Mr F. F. Blackman, who 
employed it for researches upon the paths of gaseous exchange between 
plant leaves and the atmosphere. The apparatus, which was fully de- 
scribed in the Philosophical Transactions of the Royal Society, Vol. 186 
(1895), has been most ingeniously adapted to meet requirements for great 
accuracy of estimation associated with considerable speed in manipula- 
tion which in general are exactly those of the animal physiologist. I 
have used in the work described below an apparatus made with some 
modifications on the same system and have found the Blackman 
arrangement perfectly suited to the study of the so-called muscle- 
respiration. It has been possible by its means to follow in detail from 
the moment of excision onwards the changes occurring spontaneously 
in the rate of CO, discharge from an excised tissue as well as those 
produced by special experimental interference. I am heavily indebted 
to Mr Blackman’s long experience of the detailed technique of CO, 
estimation and to the readiness with which he has always put it at my 
disposal. Without it, my difficulties in making the complex apparatus 


_ efficient and manageable would have been indefinitely prolonged. 


The gaseous exchanges of excised muscle are still grouped in some 
English text-books under the special title of “ muscle-respiration,” a 
term which is not easily extensible to the corresponding exchanges of 
other excised and dying tissues, and which more properly belongs to 
processes in muscle within the living body. It is suggested here that 
the word “survival” is suitable for the qualification of the periods 
after somatic death, or after excision, in which a tissue of any kind is 
the seat of a new series of chemical activities, The introduction of the 
word barely needs defence at a time when French physiologists sum up 
these periods as constituting “la survie,” and when in Germany the 
exactly corresponding word “ Uberlebende” is used for tissues passing 
through these survival periods. It is certainly preferable to the very 
ambiguous phrase “ post-mortem” sometimes taken in the same. sense. 
The expression “survival respiration” will be used throughout this 
paper for those activities of excised tissues which, when limited to the 
case of excised muscle, formerly went under the name of “muscle- 
respiration.” : 


dr 


+7 
& 
7 
ing 
4 


SURVIVAL RESPIRATION. | 13 


Part I. THE METHODS OF ESTIMATION. 


The apparatus referred to depends in principle upon a well-known 
_method of volumetric analysis. It is so arranged that a current of air 
freed from CO, by contact with a strong solution of potash is drawn by 
a water-aspirator first over the tissue examined and then through a 
known volume of a weak standard baryta solution. The amount of 


change in this solution caused by precipitation of the carbonate is 


measured by subsequent titration with standard hydrochloric acid, the 
indicator being phenol-phthalein. The special features of the Blackman 
apparatus are first, those by which greater accuracy in estimation is 


secured, and second, those to which greater speed in the technical 
operations is due. | 3 


- Of the first kind are 


(a) the adoption of closed absorption chambers with air-tight 


connexions, 
(6) the maintenance of a very constant rate of current. 

(a) The employment of the closed cylindrical chambers for the. 
' absorption of CO, by the baryta allows not only the exclusion of atmo- 
_ spheric CO, but also greater accuracy in titration. A small volume of 
baryta solution is used for each determination and the whole of this 
(instead of a measured sample) is subsequently titrated against the 
standard acid. This removes, it will be noticed, any necessity for 
washing out the chamber before each estimation, for, after simple 
emptying, the remaining drops of quite neutral solution introduce no 
error into the next determination. The burettes containing both the 


alkali and the acid are connected in an airtight manner with the © 


absorption chamber, and additional amounts from either may be added 
during titration until a most delicate end-reaction is attained. 

(b) The maintenance of a very constant rate of air-current, which 
is necessary if accurate comparisons are to be drawn between the 
amounts of CO, discharged from the tissue during separate short 


periods of time, is chiefly secured by the special form of Mariotte’s 


bottle used in the Blackman apparatus as the aspirator. During 
periods in which actual absorption is not going on and the aspirator is 
not working against the resistance afforded by the small column of 
baryta solution, any increase in the rate of flow (which would introduce 
error into the result of the next period of estimation) is obviated by 
switching the air current to a “ resistance-bottle ”—a simple wash-bottle 
in which the height of a column of fluid has been once for all adjusted 
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to give the same resistance to the current as the column of baryta 
solution usually run in from the burette at the beginning of a — 
mination. 

The contrivances of the second kind are of special interest to the 
physiologist, for with their aid it becomes possible, if desired, to make 
a perfectly continuous series of observations upon the rate of discharge — 

of CO, from a tissue during successive short periods of time. 

They are, 

(a) the reduplication of parts of the apparatus, 
(6) the arrangements for simplifying manual operations. 

(a) By the reduplication of the necessary parts it is made possible 
to perform a titration in one chamber while absorption is going on in 
the second, and thus to make an unbroken series of observations of 
which each may, if desired, be limited to the few minutes necessary for 

a titration and the emptying of a chamber. And further it is possible 
to conduct two parallel and independent series of observations on two 
separate tissues, the series being only broken by the short intervals 
necessary for titration. 

(b) The arrangements securing rapidity of manipulation by the 
simplification of technique (gained in its turn by complexity of apparatus) 
are easily described in outline. By means of a hand-bellows air may 
be driven through strong potash into a pressure-bottle, from which it 
may be supplied for the purposes of doing wurk in three directions. 

_ The compressed air serves to drive the standard solutions from’ the 

stock bottles into the burettes as required, to effect the necessary 

i cleanly stirring of the solutions in the chambers during titration by 

i 3 means of a stream of bubbles directed through the column of liquid, 

' , and, finally, to empty the chamber after titration, without access of 
atmospheric CO,, for the reception of a viet volume of standard baryta 
solution. 

For physiological work the advantages thus secured by the apparatus 
are most important. Very great delicacy of determination is preserved, 
while the only manual operations demanded during all the processes of 
titration are the turning of a few taps in simple sequences and an 
occasional touch of the hand upon.the bellows. Jn this way time is 
left during an experiment for attention to the condition and to the 
treatment of the tissue under observation. The tissue itself is placed 

By under circumstances allowing easy experimental interference, the air 
Lil ' surrounding it is always at atmospheric pressure, and the gaseous 
4 products of its activity are continually removed. 
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In the Blackman apparatus which I have used (see Figs. 1 and 2), 
certain modifications were introduced to promote still further the 
rapidity with which accurate titrations could be performed. Instead 
of using ordinary burettes, I gave a trial at Mr Blackman’s sugges- 
tion to burettes with an “automatic zero” made by Herrn Greiner 
and Friedrichs, Stutzerbach. These burettes not only save the 
labour of standing up to take an upper reading—a labour which 
becomes excessive when long series of rapid, or double titrations are 
performed, but also abolish the necessity for the subtraction of the 
upper from the subsequent lowér reading in the calculations after 
titration. An additional practical convenience resulted from the ease 
with which suitable quantities of the standard solutions could be 
run away to waste through the zero apertures of the burettes at the - 
beginning of a new experiment; by this means the first portions of | 
the solutions which might have altered in strength during long contact 
with the interior of the burettes and their narrow connecting tubes, 
were not necessarily used in making the first estimations of a series. 

I have found no inaccuracy to result from the use of these automatic 
zero burettes. The convexity of the liquid surface bulging from the 
small lateral orifice (the zero) at the_narrowed upper end of the burette 
is easily adjusted to the same acuteness in every case; and I have found 
that a maximal difference arranged between the convexities at the zero 
points of the alkali and acid burettes when filled, produces an only just 
noticeable effect upon the burette readings after titration, The burettes 
are graduated to ;1, of a cubic centimetre, and are read, by estimation, 


to shy of a cubic centimetre. 


The upper surfaces of the baryta solution contained in the two 
innermost burettes are protected from the atmosphere by the same 
simple trapping arrangement as in the most recent form of the 
Blackman apparatus. The upper ends of the burettes are connected 
with a tube passing to the upper end of a glass bell floating with 
submerged mouth upon a solution of strong potash. As the solution 
runs up or down the burettes, the bell floats higher or lower in the 
potash, and tke menisci in the burettes are always at atmospheric 
pressure. 

Instead of the stock bottles of 2 litres capacity containing the 
standard solutions and connected with the burettes and pressure 
system as described by Blackman, I have used bottles of 10 litres 
capacity by which refilling, with its attendant. determinations of 
standard strengths, is rendered less frequent. 


PH. XXIII. 2 
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In the original Blackman apparatus, while the air current arriving 
from the experiment chamber was directed by an arrangement of three- 
way cocks on a “switchboard ” to either of the absorption chambers or 
to either of the resistance bottles, the current on leaving any of these 
was drawn towards one of the pair of aspirators through a diamond- 
shaped system of tubes controlled by clips working on indiarubber joints. 
In my apparatus I have abolished all indiarubber joints controlled by 
clips and have arranged this second exit system upon a second switch- 
board, the three-way cocks on which appropriately correspond with those 
upon the first. I have found that manipulation has been simplified by 
this arrangement and the risks of mistake considerably reduced. All. 
the tubular connexions of the first system,—that between the experi- 
ment chamber and the absorption chambers,—has been made of 
capillary tubing (1 mm. bore) as in the original apparatus. As the 
periods in which determinations are to be made become shorter, it 
becomes more important that changes occurring in the experiment 
chamber should have prompt representation in the absorption process. 

I have used exactly the same form of potash tower for 
the preliminary removal of atmospheric CO, as that described by 
Blackman. I have found it perfectly convenient and efficient. In 
testing the completeness with which the CQ, is absorbed as the air 
current bubbles from the dilated end of the delivery tube through 
the baryta solution, I have found that at the rate of flow used in 
my experiments (from 100—120 cc. per hour), and when the per- 
centage volume of CO, in the air was not more than 3°/,, the absorption 
of the CO, by the baryta solution was very complete, the amount of 
CO, escaping being always less than s}, of that absorbed. | 

_ The aspirators, made like those figured in the original description, 
but with a slight modification of the siphon-tube by which the 
accumulation of air bubbles so disturbing to the rate of flow is 
prevented, have worked with the greatest constancy. It has been 
a very rare occurrence for their rate of flow to leave the normal 
(usually 120 c.c. per hour) by more than 2 per cent. The water as 
it leaves the aspirators is collected in graduated vessels, and the volume 
of water collected during a given period is taken as equal to that of the 
air which has been drawn over the tissue and through the absorption 
chamber during the same time. 

The form of chamber in which is contained the tissue to be examined 
has been adapted in each case to the requirements of the experiment. 
The special forms which have been used will be described in the accounts 
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given below of the experiments, but certain requirements essential for 
every experiment chainber may be mentioned here. The tubes con- 
nected with it for entrance and exit of the air current must be 
arranged so as to diminish any risk of the loss of an estimation through 
temporary blocking of the current by the collection of moisture, while 
the exit tube in particular, for the reason given above, should be of 
fine bore. The whole volume of the chamber should be as small as 
possible ; firstly in order that the period may be as short as possible 
which must elapse between the final closing of the chamber and the 
first estimation which shall fairly represent the CO, production, and 
secondly in order to secure prompt representation in the absorbing 
baryta solution of any change in the production rate. At the same 
time, for the former reason, the chamber should be so arranged that it 
may be easily and rapidly closed in an air-tight manner. 

It has always been possible to preserve an investigated tissue from 
drying either by introducing a moist chamber to the course of the air 


current between the potash tower and the experiment chamber, or by 


special moistening arrangements within the experiment chamber itself. 

It was found that practice readily gave the familiarity with the 
sequences of manipulation necessary for a successful series of deter- 
minations. During the early use of the apparatus the results of many 
experiments were made useless through the incorrect turning of a tap, 
an accidental change of rate in the air current or a temporary leakage. 
These occurrences very soon became comparatively rare. 

Material. Nearly all the observations have been made upon the 
muscles of frogs, partly because of their convenience and partly because 
they have been the subject of most of the experiments by past observers. 
A good deal of caution is necessary however if this animal be employed. 
I have found that sometimes in the case of freshly caught frogs and 
often in the case of frogs which have been confined for some days, 
micro-organisms may be found upon the surface of the muscle im- 
mediately after skinning, and bacterial putrefaction may begin very 


soon after death. In some cases it has appeared that the muscles of 


the leg have been the object of bacterial putrefaction even before death. 
The CO, phenomena of this process however have been found to be so 
characteristic that its presence may be always detected. It has been 
noticed that the muscles of a frog kept without food for a day or two 
provide a curve of discharge of CO, different in some particulars from 
that in the case of a frog fully fed. And, lastly, some results obtained 
during the breeding season in the spring seemed to show that the 
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~ museles at this time are much more variable in condition than 
usual 


For the muscle preparation, the legs of the frog have been usually 


3 employed. When the “leg” is spoken of, it must be taken to mean 


the complete thigh and leg, without skin, separated from the body 
by division of the pelvic girdle at the symphysis and across the iliac 
process, with minimal cutting injury to the thigh muscles, and divided 
from the foot by section of the upper ends of the astragalus and 
calcaneum. | 

A tubular experiment chamber has, whenever possible, been used, 
the entrance and exit tube being at opposite ends. In such a chamber 
the legs of one or more frogs may be placed in longitudinal series, or a 


chain of two or more gastrocnemii linked in series by small platinum 


hooks. The chamber, whose volume is made as small as possible, 
is usually in a vertical position so that the muscle preparation hanging — 
freely within it, is exposed on all sides to the slowly moving air current 
traversing its surface. | 

A form of chamber very useful for the inclusion of two legs is shown 
at Fig. 3; it allows an additional arrange- 
ment for keeping the muscle surface moist, 
by means of a small volume of normal salt’ 
solution at the lower end. Other special 
forms of chamber have been used and will 
be described separately. Under all circum- 
stances the air current, after leaving the 
potash tower (in which it is found to lose 
moisture), and before reaching the experi- 
ment chamber, is passed through an air-tight 
moist chamber in a part of which a solution 
of baryta may be placed as a check upon 
the completeness of the absorption of CO, 
performed by the potash. With the use of 
this chamber the muscle may be found as’ 
moist at the end of a long experiment as 


As soon as the preparation has been 
arranged in the experiment chamber, the 
air current is allowed to flow, passing on 
its way to the aspirator through one of the 
resistance bottles. For a shorter or longer 
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time, longer where the volume of the experiment chamber is large, the 
amount of CO, carried away from the chamber does not fairly represent — 
the rate of output from the musele. In order that actual observation 
may begin soon after excision, the volume of the experiment chamber 
has always been made as small as practicable. The rate of flow 
arranged from the aspirator has usually been 120 c.c. per hour; for 
_ this rate, and where the volume of the chamber has been 2 c.c. I have 
generally assumed that after the current has flowed for 5 minutes the 
amounts of CO, contained in it represent the production by the muscle. 

After more than 5 minutes have passed since the experiment 
chamber was made air-tight, the current is switched to the absorption 
chamber for the first period of estimation. From the amount of CO, 
which the subsequent -titration shows to have been taken up by the 
baryta during the period of absorption, the average rate of discharge of 
CO, per unit of time from the muscle during that period is known. © 

-The result of any series of determinations of this kind is conveniently 
_ shown by a diagram in which ordinates proportional to rates of discharge 
of CO, in cubic centimetres, are raised from abscisse proportional to 
periods of time. For any one period of observation only one average 
rate is determined, so that for each period of observation a rectangular 
area may be raised proportional to the total volume of CO, determined 
by the titration for that period. The changes in the rate of CO, 
discharge during any series of observations are best exhibited in this 
integral form, since the preservation of the areas standing for volumes 
of CO, show at a glance the length of each period of observation. 

The course of the changes in rate of CO, production by a muscle 
is more easily recognised when the results of the estimations are repre- 
sented graphically, as in the diagrams at the end of this paper, than — 
from a succession of numerical statements. The protocol of an experi- 
ment of each class to be described will be given in full (see Appendix B), 
but it has been thought sufficient to present diagrams alone to represent 
additional experiments involving the same details of method. 
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Past IL THE NORMAL COURSE OF SURVIVAL RESPIRATION. 


§ L. Description of the normal curve of discharge. 


Previous observations. The experiments begun by Liebig' (1850) 
and continued by Matteuci’ (1856) showed that muscle substance « 
after its removal from the body exhales carbon dioxide and absorbs 
oxygen. Matteuci found that under certain circumstances the dis- 
charge of CO, was independent of this absorption and must be due to 
processes of oxidation entered upon before excision. 

The work of Valentin’ (1857) immediately following upon this, 
probably suffered greatly through the uncertainties introduced by bac- 
terial putrefaction. His method has been fully described by Gamgee*. 
The main conclusion arrived at was that the yield of CO, from an 
excised muscle was to be attributed chiefly to a reaction set up between 
the atmosphere and the tissue, the character of which was determined 
by the state of the tissue itself. The yield was not to be attributed to 
processes at all corresponding with those during life, since, while those 
processes should decrease after excision or after fatigue, the discharge 
of CO, was found to steadily increase from the moment of excision 
onwards, and a muscle previously fatigued by long tetanus yielded i in 
the same time more CO, than one freshly excised. | 

Hermann! (1867) investigated the gaseous interchanges of excised 
muscles placed in a closed volume of air over mercury. The changes in 
the composition of the confined atmosphere were subsequently estimated — 
by eudiometric gas analysis. He did not directly determine the course 
followed by the survival respiration, but investigated its general nature 
by numerous experiments. These may be referred to in two classes. _ 

(i) By artificial treatment of the muscle, Hermann found that a 
special survival discharge of CO, might accompany a special survival 
activity. A muscle made rigid by heat for instance yielded more CO, 
during a long period (such as 15 hours) than a fresh muscle of the 
same weight. Making the exactly opposite assumption to that of 
Valentin, who thought an oxidative attack upon an excised tissue 
from outside increased as the tissue — moribund, Hermann took 


1 Arch. fiir Anat. Phys. u. wiss, Med, 160. 
2 Ann. de chimie et de physique, uxvu. p. 129. 

3 Arch. f. physiol. Heilkunde, 1857, p. 288. 

* Physiological Chemistry, vol. 1. London, 1880. 

> Untersuch. ti. d. Stoffwechsel der Muskéln. Hirschwald, Berlin, 1867. 
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the excess of CO, to be a phenomenon of rigidity and not the result of 


a direct oxidation. It appears almost certain, as a matter of fact, from 
the experiments to be described below, that the large yield of CO, from 
heat-clotted muscle during a long period of observation begun after 
clotting has been completed, is to be assigned almost entirely to 


incipient bacterial putrefaction. But the discovery of this large yield 


led Hermann to the correct belief that heat-rigor is accompanied by 
an additional discharge of CO,, and supported his conception of survival 
respiration as a process largely functional and not wholly due to an 
attack from outside. 

This view was supported by the modifications he found sssctbanish in in 
the survival respiration by artificial tetanus (see Part IIT.), and also by 
his very important analyses of the gaseous constituents of muscle, 
removed by the air-pump and by other artificial methods. It is well- 
known that he showed a formation of CO, to be an accompaniment both 
of artificial rigor and of the act of contraction and that these two 
processes to give the additional CO, drew upon an identical store of 
material. This functional yield of CO, was independent of the presence 
of oxygen after excision. : 

The rigor mortis of these expexjments was that produced artificially, 
usually by heat, and Hermann does not describe the effect, if any, 
produced on the character of the CO, output after excision ~ the 
onset of natural rigor (see § 4). 

(ii) In the case of excised muscle, uninterfered with, Hermann 
found that the absorptions of oxygen by living and dead muscle were 
practically equal in amount during equal times. It was argued that 
this was due to an oxidation process of a “putrefactive” kind, wholly 
unconnected with any characteristic activity of muscle substance and 
dependent for the extent of its development on the surface area of 
muscle exposed to the atmosphere. The unassisted discharge of CO, 
after excision was largely explained as a result of this “attack” upon 
the tissue, being itself accordingly dependent on the exposure area. 

In spite, however, of the equality of living and dead muscle in 
respect of their estimated rates of oxygen absorption, Hermann 
believed that fresh muscle was also able to absurb oxygen in a func- 
tional manner, corresponding probably with that of the intake of oxygen 
during normal life. By such a slight functional absorption the muscle 
was said to ‘preserve its irritability. This point was based upon his 
investigations of the rate of loss of irritability by differently shaped 
muscles in atmospheres with or without oxygen. The facts indicated 
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in a general way that the former large absorption of oxygen, described 
as due to an attack by the oxygen on the tissue, regulated in degree by 
the extent of surface exposed, was a process tending to hasten the loss 
of irritability; but that in a muscle the smallness of whose surface 
relatively to its bulk did not allow this attack to be acute, the smaller 
functional absorption of oxygen helped on the contrary to preserve the 
irritability. It may be noted, in passing, that it is not clear why the 
large absorption of oxygen if it has for its end the loss of irritability, 
should nevertheless be equal in amount, as ortgionlly stated, in both 
living and dead muscle. 

The small “vital” absorption of oxygen was considered to be too 
small to come within the limits of analysis, and to be only capable of 


- demonstration by the indirect method just described. Its corresponding 


“vital” discharge of CO, accordingly was given no place in the course 
of the survival respiration as determined by analysis. _ 

Danilewsky' (1874) showed that if the CO, output from a tetanised 
muscle be compared. with the smaller output from a similar muscle not 
contracting but kept artificially in vibration through the air, the differ- 
ence between them diminishes as the temperature increases from 2°C. 
to 25°C. This was held to show that the chemical attack upon the 
tissue was responsible for much of the output of CO, and was increased 
if, by agitation, the layers of air next to the muscle were continually 
renewed, At the lower temperatures, when chemical action should be 
feebler, this agitation produced less marked effects. The published 
results of the estimations of actual oxygen absorption are very erratic, 
but at least show that the yield of CO, during contraction is independent 
of that absorption. 

Tissot? (1894) has recently repeated many of Hermann’s experi- 
ments, The frog's muscles investigated were placed in small tubes 
over mercury, the subsequent analysis of gases being performed ac- 
cording to Bunsen’s method. He denied that simple mechanical 
agitation of the muscle in air produces any increase in the amount of 
CO, discharged or of oxygen absorbed by it. He found an absorption 


of oxygen in the case of freshly excised frog’ s muscle which he put 


down to a true respiration continuing that of normal life (“ physiological 
absorption”). This absorption increased with a rise of temperature till 
an optimum of 30° C. was reached, after which a sudden decline brought 
it to zero as the temperature advanced to 40°C. and beyond. Without 


' Centralblatt f. d. med. Wiss. 1874. 
2 Arch. de Physiol. norm. et path, 1894, 1895. 
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any reference being made to the effects of temperature on the solu- 
bility of CO, in muscle substance, the facts were taken to show that 
the oxygen absorption rose aud fell with the physiological activity of 
the muscle. No absorption occurred in the case of muscles clotted by 
heat or fatigued by long tetanus, except such as could be accounted for 
by simple solution within the muscle (“ physical absorption ”). 

Tissot showed, as Hermann had done, that the normal discharge 
of CO, after excision was increased in a muscle killed by heat, or in one 
fatigued through stimulation, but he described this, by an unfortunate 
application of terms, as a “physical” output not related to the “ physio- 
logical” activity of the muscle. This “physical” output he found to be 
not related to the rate of absorption of oxygen. 

Although Tissot denied that dead or fatigued muscle absorbed 
oxygen, it may be gathered from the figures given for some of his 
experiments that the rate of CO, output by a dead muscle is slightly 
less in an atmosphere free from oxygen than in air. This point however 
will be referred to again (§ 5). 

The extreme importance of guarding bacterial 
as a possible error in studying the survival yield of CO, was shown by 


‘Tissot in a series of estimations of the total CO, discharged per diem 


by an excised mammalian muscle; carried out by means of a gravimetric 
method. He found that under strict aseptic precautions the daily 
amounts of CO, declined to a vanishing point, but that if bacteria were 
allowed access to the muscle the yield increased from the first day 
onwards. In these experiments no determination was made of the 
changes occurring in the rate of yield during periods less than a day. 
From this account of previous observations it will be seen that the 
actual course followed by the gaseous exchanges during the survival 
periods within the first day has not yet been described. What part of 
the total survival discharge of CO, may be due to the onset of natural 
rigor has not been clearly shown, and at all events it has been given no 
distribution in time. Apart from this, it is indicated by Tissot’s 
results that the CO, discharge dependent on contemporary oxygen 
absorption declines as the muscle becomes less fresh. But it has not 
been shown whether this process ends before or after the beginning of 


rigor. 


The initial stages of the bacterial putrefaction have not sii ; 


studied, nor the extent to which this process may introduce error into 
experimental results during periods earlier than those at which its more 
obvious chemical accompaniments have become evident. 
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The normal curve. The changes in the rate of CO, output from 
the leg muscles of a frog, freely exposed to the air but protected from 
superficial drying, are expressed in the series of estimations tabulated 
in the first of the Protocols at the end of the paper, and represented 
graphically in Fig.4. 

The curve indicated in this graphic expression exhibits from the 
first a fall in the rate of discharge,—a fall which is continued, except 
for certain irregularities, during many hours. The decline in rate is 
most rapid immediately after excision, but becomes progressively more 
gentle during the first five hours, towards the end of which it follows a 
nearly straight course only slightly inclined towards the base line. 

From this point it enters upon a stage of considerable irregularity. 
A rise in the rate of discharge at about the 6th hour after excision leads 
to an irregular ‘hump’ upon the curve, of which, however, the highest 
crest represents a lower rate of CO, production than that found in the © 
first periods after excision. Passing onwards, the curve descends from 
this ‘hump’ to a level of production, in this case lower than any yet 
exhibited, which is maintained at a very constant heiglit above the base 

line for nearly 20 hours. This constant rate of CO, production, repre- 
sented in the diagram by a long flat ‘plateau,’ at last sinks towards 
zero. 
| But in the example shown at Fig. 4, the curve has not fallen far 
_ towards zero before a great change comes over the character of the 
survival discharge. The curve takes a sudden bend upwards and 
indicates at this point the occurrence of a strongly marked rise in the 
output of CO, from the muscle. The elevation of the curve leads in a 
few hours to levels of CO, production far above the previous maximum 
reached during the earliest periods after excision. 

The course of the survival respiration of different muscle pre- 
parations varies in some particulars from the form just described. 
The extreme limits of these variations in three main directions are 

_ shown in Figs. 5,6, and 7. In all of them the curve takes a smooth 
course downwards for the first 5—6 hours, the descent rapid at the 
beginning, but afterwards more gentle. In all of them, too, the course 
followed by the discharge curve changes its direction markedly at or 
soon after the 6th hour. In Fig. 5, the curve at this period simply 
enters upon a long ‘plateau’ extending over many hours. In Figs. 6 
and 7 the curve enters upon the ‘plateau’ after a preliminary rise 
corresponding with the irregular hump shown in Fig. 4. 

In Fig. 6 the rate of discharge does not sink below this constant 
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level, for the ‘ plateau’ is suddenly interrupted by the decisive upward 
direction of the curve leading to relatively enormous rates of CO, 
production. In Fig. 7, on the other hand, the curve of discharge 
maintains a very constant level after the first irregularity of the 
6th hour, and it is only at the end of 50 hours that the final decisive 
uplift in the curve makes its appearance. 

In this last experiment two gastrocnemii were employed, but for 
each of the others both legs of the frog. The muscle preparation. 
for Fig. 4 was obtained from a particularly large frog; the absolute 
measurements of rates of CO, production indicated in Figs. 5 and 6 
are more nearly representative of the average production from the 
legs of the frog. In all the observations which I have made upon the 
natural course of discharge of CO,, the same sequence of events has 
_ been found. In general, the variations from the type are of only two 
kinds. These are, first, variations in the prominence of the 6th hour 
hump which inaugurates the plateau of steady production ; and, second, 
variations in the time of appearance of the ultimate lofty ascent of the 
curve. With these reservations it may be taken that the general form 
of curve which has been described is constant in all essential points for 
any of the muscles of the frog’s leg. 

The results obtained from the leg muscles are not materially affected 
by the presence of blood in their vessels. At the beginning of many of 
the early experiments I washed out the vessels by injection of normal 
salt solution from the aorta. It was found that this did not affect the 
results obtained except in so far as it led to a waste of time between 
somatic death and the first period of determination. Any excess of 
blood is readily avoided by hanging the frog from its toes for a few 
minutes after decapitation. In (§ 2) the results of observations upon 
the rate of CO, discharge from freshly shed frog’s blood will be stated, 
and these will be found to confirm what has been said with regard to 
the unimportance of washing out the vessels. oe 

Upon a preliminary examination, only one feature of the curves 
which have been described has an immediately obvious meaning. The 
sudden and final change of direction of the curve, showing a rapidly 
increasing rate of CO, discharge, is invariably found to be accompanied 
by a distinctly putrefactive smell. Some of the phenomena of the high 
rates of discharge accompanying the foul odour will be described below, 
but for the present their consideration may be dismissed in the 
study of the normal survivdl respiration ; since, if the access of micro- 
organisms to the muscle be prevented by the usual aseptic precautions, 
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the rapid rise in output of CO, normally concluding the course of the 
respiration, fails to make its appearance; and, in its absence, the 
natural curve of discharge more and more closely approximates to 
zero. The rise is not a phenomenon of the survival discharge from the 
muscle per se. 

It remains to find an interpretation of the normal curve by reference 
to factors responsible for the discharge and for the changes in its rate. 


§ 2. Phenomena of diffusion from muscle substance. 


Determinations have been made of the changes in the rate at 
which CO, escapes from the surface of muscle substance uniformly 
impregnated with it, to an atmosphere which contains none. The 
impregnated muscle was placed in the experiment chamber from which 
the CO, was swept away in the air current to the absorption chamber 
as it became liberated. The results of this work are important for two 
reasons. In the first place they give an indication of the extent to 
which simple effects of diffusion are responsible for the course of the 
survival discharge from a muscle in which CO,, formed during activities 
prior to excision, may have been contained. And, secondly, they give 
a measure of the truthfulness of a given curve of discharge in its 
representation of the changes in rate of CO, production by a muscle 
during given periods, and allow an estimate to be made of the prompti- 
tude with which any given change ‘in that rate, experimentally produced, 
may be expected to find its appropriate representation in the form of 
the discharge curve determined by the results of successive estimations. 

Similar observations have been made of the changes in the rate of 
diffusion of CO, from egg-albumen and water, which had been uniformly 
charged with it; and also of the changes in rate of output of CO, from 
freshly drawn frog's blood. 

For the experiments on muscle, three methods were adopted for 
uniformly charging the tissue with COQ,: 

(a) The leg muscles (of frog) were exposed freely until the rate 
of discharge had sunk to near zero; they were then placed in an 
air-tight vessel, from a capsule in which CO, was liberated by the 
action of acid upon a carbonate. After 8 hours the muscle was con- 
sidered to be unifurmly impregnated. 

(6) The leg muscles were confined in a small air-tight tube in 
which a drop of chloroform had been placed. From other experiments 
(see §6) I have found that a muscle exposed in this way to chloroform 
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vapour yields CO, actively at first, but rapidly reaches a state in which | 


_ that yield permanently ceases. Putrefaction in such a chamber is 


indefinitely postponed, and to make uniform impregnation certain the — 
muscle may, if desired, be left enclosed for days. 

(c) The leg muscles at a time after excision when the rate of 
discharge is known to be fairly constant for some hours, were enclosed 
in a small tube. Self impregnation occurs in this case without loss of 
power to yield additional free CO,. 

Exactly similar results have been obtained from muscles charged 
according to the first two methods. In each case the rate of discharge 
of CO, upon exposure in the experiment chamber is highest at first, 
very rapidly declines ftom the initial rate during the early periods, 
but afterwards more slowly. The fall of rate becomes so slow when 
zero is approached that for many hours traces of CO, may be detected 
in the air current leaving the muscle. In the diagram at Fig. 8, 


CO, per 30 mins 
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’ Fig. 8. Diffusion curve for dead muscle, 


representing a typical diffusion escape from muscle unable to produce 
additional CO, on its own account, the initial rate of discharge is seen 
to be higher than that of the normal survival respiration of the legs of 
a frog. To compare the diffusion effect from the muscle substance 
when the initial rate is less, the leg muscles charged with CO, 
according to method (b) were exposed for an hour and then confined 
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again in small air-tight tube. After saturation of a lower re 3 had 


become uniform throughout the tissue, 
the rate of discharge upon exposure was 
determined. The diagram of this dis- 
_ charge is shown at Fig. 9; it is seen to 
be exactly comparable with that starting 
from a higher initial rate. 

In the case of muscles charged with 
CO, by the method (c), a similar rapidly 
falling curve of discharge is found during 
the first periods after exposure in the 
experiment chamber. Here, however, 
the muscles are still producing free CO, 
de novo at a certain rate, and the rate of 
the pure diffusion discharge, instead of 
nearing zero, approaches at first very 
rapidly, but later more slowly, the rate of 
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Fig. 10. Diffusion curve for muscle undergoing rigor. 
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discharge characteristic of the muscle at that period,—a rate which is 
maintained, in the example chosen, for a considerable time (Fig. 10). 

Curves exactly corresponding with those of the former case, where 
all formation of CO, de novo within the muscle had ceased, have been 
obtained for the diffusion discharge of CO,, 

(a) from the white of an egg which had been placed for 
48 hours, with intact shell, in a closed tube containing CO,. 

(6) from soda-water of a uniform low saturation, prepared by 
the recorking of diluted commercial soda-water. 

A diagram for the changes in the rate of discharge from water is 
given at Fig. 11, and on the same diagram is plotted the curve for the — 
discharge from the egg albumen. 
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These curves, illustrating the changes in rate of escape by diffusion 
from muscle and other substances are all approximately logarithmic in 
character, and approach very closely to those which might be con- 
structed on the assumption that the rate of escape at any moment is 
‘proportionate to the degree of saturation of the muscle with CO, at 
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that time. It appears that no greater resistance is offered to the 
escape from muscle substance than to that from structureless egg- 
albumen or from water. 

These results may now be used to aid in the interpretation of the 
course of the normal survival discharge of CO,. In view of the facts 
just detailed, an escape by diffusion to the air-current of CO, which 
has been set free within the muscle before excision could only notice- 
ably affect the general course of survival discharge during the earliest 
periods after excision. It is during these early periods however that 
the shape of the normal curve (Figs. 4—7) does appear suggestive of a 
diffusion effect. The course followed at first by the normal survival 
discharge is obviously comparable, on inspection, with the course of 
discharge from the muscle prepared by the method (c), in which the 
rate of output sinks, first rapidly and then slowly, until it reaches the 
level which represents the activity of the muscle at that time in the 
production of CO,. If this resemblance between the natural and 
artificial cases be a real one, it is necessary to believe that a freshly 
excised muscle, at a given moment soon after excision, is charged more 
highly with free CO, than is permitted by the relation ‘between its rate 
of de novo production at that time, and the rate at which diffusion 
allows the CO, to be swept away by the current of air. Diffusion 
would, accordingly, rapidly proceed, as in the artificial case, until the 
right balance had been struck between the rate 5 fresh production and 
the rate of diffusion. 

There is other evidence to support this caaiulaan comparison. If 
a frog in which the brain has been destroyed and the skin removed 
from the hind legs, be kept for an hour or two with intact circulation 
in a moist chamber, the curve of the survival discharge, obtained after 
excision of the leg-muscles, is found to be a normal one except that the 
first “diffusion effect” is absent. The curve for such a preparation as 
this (see Fig. 12), where diffusion has been allowed to go on before 
stoppage of the circulation and the excision of the muscles, begins at a 
point lower than the corresponding curve for a muscle preparation in 
_ which skinning and excision have been simultaneous, but after 2 to 3 
hours the two curves in this comparison meet, and continue together. 

Another kind of experiment, giving a remarkable result, supplies 
evidence which I suggest is to the same effect. In this series the 
changes in the rate of CO, output from the time of skinning were 
followed in the case of leg-muscles with intact circulation. An example 
is quoted at p. 78 and Fig. 41. The result shows that a very nearly 
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normal curve was obtained, in spite of the fact that during the first two | 
periods of estimation the blood-flow through the muscle was uninter- 
rupted. After the stoppage of circulation—which in one sense corre- 
sponds with the moment of excision for the normal curves already 
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Fig. 12. Survival discharge from legs of a very large frog. 
At a—legs skinned, 
at b—legs excised. 


given,— —the curve indicates not a new decline in output, but a relatively 
constant rate of production like that of the muscle just mentioned in 
which the diffusion effect was at an end. 

These experiments seem to show that it is immediately after the 
skinning and exposure of the muscle that the maximum rate of survival 

discharge is exhibited. And that the rapidly declining rate of CO, 
output following on exposure is not directly representative of activities 
of the muscle which, themselves declining, give a quickly lessening 
yield of CO,, is shown by the fact that the initial course of the dis- 
charge feotn i a muscle exposed to the air current may be the same under 
quite different physiological conditions. In § 10 it will be discussed 
how far it is possible to account for the presence of free CO, in a 
muscle at the time of excision, in quantities out of proportion to the 
survival rate of fresh production. 

It has been seen that in the latest stages of diffusion from muscle 
or other substances uncomplicated by any continued production of CO,, 
the decline in rate of discharge is very slow indeed. In the case of the 
muscle killed with chloroform vapour, a discharge of CO, at the rate of 
‘02c.c. per half-hour continued for many hours, From 15c.c. of egg- 
albumen I have found a discharge in the end stage of diffusion of 03 c.c. 
CO, per half-hour for 20 hours. In the natural survival curve it was seen 
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that even when putrefaction was very late in making its appearance the 
later rates of discharge never fell actually to zero (see Figs. 5 and7). This 
result is to be expected from the phenomena of diffusion just described, 
and in general it may be said that very low rates of CO, discharge from 
a tissue following upon higher rates by no means indicate any produc- : 
tion of CO, de novo on the part of the tissue. During the yield of 
traces of CO, in the latest part of the normal survival curve, it may be 
taken that the actual formation of CO, has reached zero. 
It was said in §1 that the normal curve of discharge does not 
appear to be affected by the presence of blood within the vessels of the 
muscle, and that on that account the washing out operations before — 
experiment had been replaced by a removal of excess through care- 
ful bleeding. I have followed the changing rate of CO, yield from 
freshly shed frog’s blood, at atmospheric pressure, exposed in the 
experiment chamber. The result of a typical experiment is expressed 
in the diagram at Fig. 18. The decline in rate of discharge is seen to 
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Fig. 13. Escape of CO, from frog’s blood. 


be more gradual than that found in the cases already described. No 


irregularities of evolution occur, however, which could introduce special 
* complications into the study of the normal survival respiration. 


§ 3. Influence of surface area. 


In experiments on the influence of surface extent upon the normal 

survival respiration of muscle, I have not used muscles of different 

f shapes, as Hermann’ did, in order to obtain different ratios of bulk to 
E surface, but have varied the surface relations by artificial means. If 


1 op. cit. 
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different muscles be used, it is possible that variations in respiration 
due to specific differences in metabolism may be wrongly connected 
with particular differences in shape. 

_In one series of experiments, the natural ante discharge was 
followed, without interference, for the earliest periods, until the ‘diffusion 
effect’ was nearly at an end. The chamber, constructed to open and 
close rapidly, and whose volume was as small as practicable, was opened 
at this point and the muscle substance cut across many times with a 
sharp knife so that a greatly increased surface area was displayed. 
After this the rate of CO, discharge was again followed. 

The effect of this exposure of fresh surfaces upon the survival curve — 
is shown in the diagram at Fig. 14. After the cutting had taken place 
the curve rose temporarily, but again descended along what is apparently 
the normal course. That a rise in the curve should follow the cutting 
injury is probably to be explained either as due to the production of 


2 
Fig. 14. Survival discharge from frog’s muscle. At a, fresh surfaces were exposed. 


additional free surfaces through which outward diffusion may proceed, 
or as the result of a partial localised hastening of rigor. As a matter 
of fact it has been found difficult to avoid the rapid onset of rigor 
- among all the cut pieces of muscle after the operation. The experiment 
described was one of only two among the series in which general 
clotting was avoided, and in this case it is probable that part at least 
of the temporary rise resulted from rigor occurring in spite of precau- 
tion. 

On account of this tendency of muscle cut up an hour or two after 
excision to pass immediately into rigor mortis, the cutting in a second 
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series of experiments was performed immediately after removal from 
the body. The pieces of fresh muscle, carefully cut with a sharp knife, 
were arranged in a clean sterilised chamber upon a little platform of 
platinum wire, so that a maximum of free surface, on all sides of the 
pisces, was obtained. 


c.c, CO, per 30 mins, 


J 
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Fig. 15. Survival discharge from slices of frog’s muscle. 


It will be seen that the curve (Fig. 15) is practically the same as 
that for the normal survival discharge from intact muscles. The © 
beginning of the irregularities of rigor is obvious in the 5th hour and 
has probably been hastened by the slicing. On the second day the curve 
declines from the long ‘ plateau’ and sinks nearly to zero. It is only in | 
the earliest periods that the curve appears to be at all abnormal. It — 
will be noticed that though the frog in this experiment was particularly 
large the initial rates of discharge are higher than normal in proportion 
to the subsequent rates. 

_ The result of this experiment is more conclusive ans that of the 
former series in deciding the relation of the surface of exposure to the 
rate of production of CO, The fact that the numerous small slices of 
muscle provide a curve of survival respiration, similar in nearly all 
essentials to that for a muscle perfectly intact, points very decidedly to 
the conclusion that the greater part at least of the survival discharge 
of CO, is to be accounted for in terms of the activities of the muscle 
substance itself. That the minced muscle ceases at an appropriate 
time to yield more than ‘traces’ of CO, is a fact entirely opposed to 
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the supposition that ‘dead’ muscle is the object of destructive processes 
of oxidation. In further opposition to it is another kind of evidence. — 

If the total survival discharge of CO, from a muscle depend in the 
main upon the activity of surface oxidation (the discharge due to 
natural rigor being excepted) it should be much greater. per unit 
weight of substance for small masses of muscle than for large. 
Hermann’ gives the result of one experiment upon this point. He 
found that from two portions of fresh muscle whose weights were in 
the ratio of 1:4, the discharges of CO, (at 20—-22°C.) to a closed. 
volume of air during 154 hours were in the ratio of 1:13. He does 
not describe the method of preparing the two portions of muscle. My 
experience has been that great care is required to avoid putrefaction 
during 15 hours at this high temperature; especially in the case of a 
muscle with large artificial surface. Some experiments I have made 
on the relation of muscle weight to the rate of CO, discharge have 
given another result. Comparative simultaneous estimations were 
made of the total CO, discharged during the second and third hours 
after excision, — 

(a) by frogs’ legs from which the gastrocnemii bai been removed, 
and 
(b) by the isolated gastrocnemii taken together. It is easy to 
remove the gastrocnemit so carefully as to avoid any injury to them or 
to the adjacent muscles. In a comparison of this kind it is essential to 
avoid any cutting injury which, by hastening rigor, might prejudice the 
result. The 2nd and 3rd hours after excision were chosen as being 
fairly independent both of the early ‘diffusion effect’ and of the 
irregularities near the 5th hour. 

Of six experiments the average ratio of the total yield during these 
two hours by the two gastrocnemii to that by the legs without them, 
was as 1: 4°7. The results of ten weighings shewed that the average 
ratio of the weight of the gastrocnemii to that of the other muscles of 
the leg together was as 1: 5°3. These figures render it impossible to 
explain in terms of surface relations more than a very small proportion 
of the total CO, output during these periods. 


§ 4. Natural rigor. 
The relation of the onset of natural or ‘death’ rigor to the survival 
discharge of CO, from excised muscles has not been determined in the 
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past. Hermann’ demonstrated by means of air-pump analysis the 
large outburst of CO, which accompanies the almost instantaneous 
clotting induced by a temperature of 38°—40°C. And in a com- 
parison of the CO, discharges from ‘living’ and ‘heat-clotted’ muscles 
respectively to closed volumes of air during 16} hours, he found that 
the former exhaled 16°3 c.c. of CO, per cent. of muscle volume, the 
latter 25°7c.c. per cent. Such a result as this has no clear meaning. 
_ For in the ‘ heat-clotted’ muscle giving the larger yield, the process of 
rigor was presumably rapidly completed by heat before the beginning 
of observation, while in the ‘living’ muscle, the processes of rigor had 
probably begun, on the other hand, before the end of the experiment. 

In view of Hermann’s well-known researches on the relation of the 
process of contraction to that of rigor it has been naturally supposed 
that in an excised muscle the onset of rigor, occurring parallel with the 
disappearance of the power of contraction, is marked by an evolution 
of CO, whose total amount should be equal to that obtainable during 
sudden heat-rigor caused in a similar freshly excised muscle. And 
Ranke? (1865) has shown that the total amount of acid developed in 
an excised muscle is approximately equal whether its development 
accompanies the slow process of er rigor, or the rapid one set up 
by heat. 

With regard to the changes in shape of a muscle which mack the 
occurrence of natural rigor, Walker®* (1871), with Hermann, shewed 
that in the hyoglossus of the frog the first spontaneous shortening 
begins from 4 to 5} hours after excision, and in sa dees iouicescctesad 
about 2 hours later. 

I have followed the natural death-shortening of the three chief | 
muscle masses in the leg ; the results are shown graphically at Fig. 16. 
The curves show that for the gastrocnemius, triceps femoris, and the 
hamstrings, the shortening appears between the 4th and 9th hours. 
For about 12 hours it remains feeble, but in all the three examples it 
shows later on a sudden and marked increase. The shortening has 
reached its maximum in all cases soon after the 30th hour. 

These time relations of the natural death-shortening must now be 
considered in relation to the course of the survival discharge of CO, 
as already determined. It is at once obvious that there is no 
disturbance in the rate of survival discharge corresponding 
in point of time with the period of most rapid death- 


' op. cit. 2 Tetanus, Leipzig, 1865. 
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shortening, which may be placed between the 15th and 30th hours 
after excision. The only elevation in the normal curve after excision 


Fig. 16. Muscle contractions during onset of rigor mortis. 
is that which has been described as a long ‘plateau,’ extending 
unchanged for 20—40 hours and introduced in most cases by an 
irregularly raised ‘hump’ near the 6th hour after excision. 

That this long-continued constant level of CO, production should 
be the accompaniment of the loss of irritability and the advance of 
rigor in a muscle, agrees with what is known of the latter processes, 
The loss of irritability, more than the subsequent death-shortening, 
occurs in different muscles at different times; and, within the same 
muscle, begins earlier in the outer than in the inner parts of it. At 
a certain time for instance after excision the triceps femoris may 
be found quite unirritable and slightly stiff, while the gastrocnemius 
responds actively to slight stimuli. Later on, while the surface of the 
gastrocnemius is irresponsive to the strongest stimuli, an inner core of 
the muscle remains irritable. 

From an inspection of the normal curve it is obvious that a 
naturally clotting muscle discharges CO, in any given period actually 


' more slowly than the same muscle when freshly excised. This 


contradiction to the common statements of the relation of rigor mortis 
to the CO, output is more apparent than real. For the freshly excised 
muscle with which, as ‘living,’ the clotting muscle must be compared, 
is itself in an extremely anomalous condition. The rate of CO, discharge 
from such freshly excised muscle is probally due to the co-operation of 
more than one factor, and is almost certainly not simply representative 
of its physiological condition gud living muscle. On the other hand, 
the long-continued discharge during the rigor ‘plateau’ is probably 
entirely dependent upon the particular processes which originate and 
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accompany the death-shortening. It will be shown in support of this 
that any circumstances which prevent or delay rigor correspondingly 
affect the appearance of the plateau, and agents known to hasten rigor, 
on the other hand, increase the height of the plateau and proportionately 
shorten its length by hastening its end. (See § 5, 6, and 8; and also 
Parts ITI. and V.) 

The end of the long rigor ‘plateau’ marks the conclusion of the 
activity shown by an excised muscle in the production of CO, It is 
the natural ending of the course of survival respiration. For when 
bacterial putrefaction is successfully avoided, the curve sinks very 
closely to zero, and the very small traces of CO, which usually continue 
to appear (at the rate of ‘01—04c.c. per hour) have been already 
described as probably due to the extreme slowness of diffusion where 
the intensity of saturation is at a minimum (§ 2).. 

It will be noticed on a comparison of the curves of dentiubcetetind 
(Fig. 16) with the normal curve of CO, discharge, that the continual 
discharge accompanying natural rigor is mainly the result of the 
processes which precede the most pronounced shortening and does not 
show any relation to the shortening itself. The highest part of the 
rigor plateau is the ‘hump’ which marks its beginning, and this is 
_ usually reached before the earliest death-shortening is perceptible even 
in the movement of a magnifying lever. And the plateau itself has in 
many cases already descended towards zero before the very marked 
final death-shortening is near its maximum. The special formation 
of CO, during natural rigor appears therefore to be largely independent 
of the final act in the process,—the marked shortening, with the obvious 
changes in the consistency and appearance of the muscle. 


§ 5. Influence of atmospheric oxygen. 

_ By. most observers in the past, the atmospheric oxygen has been . 
regarded as determining to a very important degree the course of the 
survival discharge of CO,. Hermann’s’ general conclusions on this 
point have already been noted (p. 23). One or two remarks may be 
made in reference to particular experiments. e 
He found that living and clotted muscle absorbed very nearly equal 
amounts of oxygen, during periods ranging from 154—22} hours. It 
will be seen that the distinction between clotted and unclotted muscles 
becomes: lost when the period of examination is so extended. The 
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relationship of the destructive oxidation to the extent of surface area 
was determined by an experiment already discussed (p. 24). Tetanised 
muscle, lastly, was found to absorb more oxygen than resting muscle 
during periods less than 4 hours, but the difference was abolished when 
the resting muscle was kept in passive agitation, without contraction, 
during the experiment. 

That agitation of this kind has any effect in raising the absorption 
of oxygen has been directly contradicted by Tissot’. He found that 
while fresh muscle does absorb oxygen, the absorption is diminished if 


the muscle be fatigued, and entirely abolished, save for negligible traces, _ 


when the muscle has been forced into heat rigor. The absorption was 
said to be one of the manifestations of life, and to “follow faithfully the 
variations in the muscle’s irritability.” (See p. 25 above.) , 

I have made some preliminary determinations of the survival — 
discharge of muscles exposed to an atmosphere of nitrogen. The 
nitrogen was prepared by passing air over copper filings heated to 
redness in a combustion-tube. This tube was introduced between ‘the 
potash tower and the experiment chamber, so that after the beginning 
of an experiment the air which had traversed the potash tower in the 
usual way reached the muscle in the chamber deprived of its oxygen. 

In all experiments simultaneous observations were made upon two 
muscle-preparations exactly similar, one being supplied only with 
nitrogen, the other, for control, with the usual moist air current. The 
similarity of the two preparations was secured by using ‘ crossed pairs’ 
of legs. The right legs of two frogs constituted one pair, the two left 
legs the other. The air which had passed down the potash tower was 
drawn by one of the aspirators through the moist chamber, over the 
control muscle preparation, and, during periods of observation, through 
one of the two absorption chambers. By the second aspirator, air from 
the potash tower was taken through the long combustion-tube con- 
taining red-hot copper filings, in which it was deprived of oxygen, 
through a moist chamber to the muscle preparation, whence it passed 
either to the second absorption chamber or during periods in which no 
observation was being made, to the second ‘resistance’ wash-bottle, 
Between the combustion furnace and the moist chamber (which con- 
_ tained water previously boiled), in this circuit was introduced a U-tube 
filled with fresh soda-lime for the absorption of any oxides of nitrogen 
produced in the combustion tube (see Fig. 17). The moist-chambers 
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on both circuits were submerged in a common vessel of water 
maintained at 15°—17°C. The two experiment chambers also were 
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Fig. 17. Apparatus for supply of nitrogen (farnace omitted). 


side by side immersed in water kept within the same temperature 
limits. The two aspirators were carefully regulated to work at the 
same rate. For at least three hours before the beginning of a series of 
determinations an air current was drawn by means of an accessory 
aspirator through the whole system from the heated combustion tube 
up to and including the empty experiment chamber, in order to sweep 
out the oxygen already contained in it. 

When the course of the survival discharge of CO, from the two 
muscle preparations was followed, it was found that during the earliest 
periods of observation the muscle exposed to an atmosphere free from 
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Fig. 18. Survival discharge from ‘crossed’ pairs of legs, one in air, the other in nitrogen. 
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oxygen discharged CO, at a lower rate than the control preparation. 
_ As the survival discharge proceeded, however, this difference did not 
increase, but diminished progressively until a point was reached. when 
both muscles showed the same rate of CO, discharge. This point, it is 
interesting to notice, was reached at about the 5th hour. In Fig. 18, | 

‘in which the course followed by the discharge from each preparation is 
_ shown on the same diagram, this convergence of the two curves is 
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Fig. 19. The same, at higher temperature. 


complete at the end of the 5th hour. In Fig. 19 where the temperature 
was higher (20° C.) the curves meet in the 4th hour. Up to the time 
_ when both preparations are discharging CO, at the same rate, the total _ 
discharge after excision is slightly greater (in the approximate ratio of 
14 to 12) in the case of the muscle exposed to atmospheric oxygen. 
| From this point however. the difference between the rates of dis- 
charge from the two muscles is again established and continues for at 
least 5 hours. The difference is established almost immediately after 
the first point of convergence, and though at first very steadily 
maintained, shows signs of diminishing after 6—7 hours. 

The control muscle enters upon the sustained level of production 
which has been shown to be characteristic of the normal muscle under- 
going rigor progressively in its different parts. The other muscle, 
which has been in the atmosphere of nitrogen, from excision onwards, 
exhibits a lower level almost immediately. The difference at this point — 
is usually as well marked as the greatest difference shown between the 
curves in the first period after excision. For several hours at least it is 

maintained, 
| Very considerable practical difficulties have up to the present stood 
in the way of my following the course of discharge beyond this period 
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in the case of a muscle to which the access of oxygen had not been 
allowed from a time immediately after excision, for more than twelve 
hours. This has so far been my longest series of observations. For 
such a series as this the furnace must be kept at a red heat altogether 


_ for 15 hours, while constant attention is necessary during the whole 


time, not only for the repeated estimations, but to guard against 
leakage and against irregularities of the aspirator flow. 

It may be said that indications from imperfect series point to the 
fact that the divergent curves meet again before the long period of 
rigor mortis is ended. It is to be noted that the lower curve im- 
mediately rises to the upper level if a temporary access of oxygen be 
allowed to the preparation it represents (see Fig. 20). 
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Fig. 20. Discharge from crossed pairs of legs undergoing rigor mortis. 


_ If one of the crossed pairs of legs has been deprived of oxygen not 
until a time considerably after excision, very contrary results are 
obtained. The curves of the discharges in the two cases naturally run - 
together during the early periods after excision. If at the end of the 
6th hour pure nitrogen only be supplied to one of the preparations, no 
divergence can be detected in the curves indicating the subsequent 
rates of CO, output (Fig. 21). The supply of nitrogen to one of the 
preparations at a given time is effected by the use of an accessory 
aspirator, shown in Fig. 17. Up to the moment at which the nitrogen 
is supplied to the experiment chamber, an air current has been for 
2—3 hours drawn by the accessory aspirator through the combustion- 
tube system and its moist chambers so that, the last traces of oxygen 
having been swept out from them, the current of nitrogen may be 
switched through suitable connections to the main one idl ex- 
periment and absorption chambers. 
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Even after one of the muscle-preparations has been exposed to an 
atmosphere containing no oxygen for 6—7 hours, so long as the 
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Fig. 21. Discharge from crossed pairs of legs. — 


deprivation of oxygen was not suffered until 5—6 hours after excision, 
no decline is found in its rate of discharge. It is apparently true that 
in order that the diminution in height of the rigor plateau due to the 
_ absence of oxygen shal] be exhibited, the oxygen must have been 
absent and remained absent from a time very soon after excision. 


c.c. CO, per 30 mins, 
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Fig. 22. Discharge from crossed pairs of legs in which rigor is complete or nearly. 


If crossed pairs of muscle preparations, taken from the body after 
natural rigor is nearly completed, be arranged as deseribed, one exposed 
to air, the other to nitrogen, no difference can be detected between. their 
small rates of CO, discharge (see Fig. 22). And, similarly, the absence 
of oxygen has no effect in diminishing the CO, output from one of two 
preparations excised — after death and — clotted by 


means of chloroform. 
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In summing up the results of these experiments, we may speak 
provisionally of an excised muscle as being at different periods in three 
different conditions, that previous to rigor, that during the onset of 
rigor, and lastly that after rigor has been completed. 

In the first condition the rate of CO, discharge is determined, but 
only to a small degree, by the presence of oxygen. As the muscle 
however passes through this condition on its way to the second, this — 
dependence becomes gradually less marked, until at the end of this 
stage the rate of CO, discharge is the same for a muscle in air as for 

one in an atmosphere of nitrogen. 

In the second condition, extending over the long period during 
which first one and then another part of the muscle passes into rigor, a 

similar and well-marked depression is found in the rate of discharge 
from a muscle to which free oxygen has been denied from the very 
beginning of the survival periods. This dependence of part of the 
discharge upon the presence of free oxygen has so far only been shown 
for the first few hours of this stage in the muscle’s survival history, and 
has indicated in some imperfect observations a tendency to decrease as 
this stage advances. Experimental difficulties however have so far 
prevented more complete observations on this point. But it has been © 
found that this diminution in CO, output does not make its appearance 
during the early part of the ‘rigor stage’ in the case of a muscle in an 
atmosphere of nitrogen if it has been allowed access to free oxygen 
during its passage through the first condition. In other words, part of 
the CO, output at this time is dependent, not upon the presence of free 
_ oxygen in the same period, but upon its presence in periods prior to it. 

In the third condition, last of all, when the CO, output has sunk 
low after the completion of rigor, the presence or absence of free oxygen 
has no effect whatever upon the rate of CO, production, whether this 
last stage has been reached in the normal sequence of survival events, 
or has been hastened by the rapid ee of rigor caused by 
chloroform vapour. 

These results, although incomplete, seem santos incompatible 
with the existence of an oxidative attack made upon the tissue which 
becomes more and more successful as the tissue itself declines in 
activity; and they are not in agreement with the conclusions of 
Hermann by which direct oxidation is to account for the bulk of the 


> gurvival CO, discharge, and equally so in living and in clotted muscle. 


The depression in the first part of the natural curve produced by the 
absence of oxygen, and which gradually disappears, supports the 
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observations of Tissot’, who found that the absorption of oxygen by 


an excised muscle, speaking roughly, diminished part passu with the 
irritability. The facts indicate that in these earliest survival periods 
there is a slight and progressively disappearing respiration resembling 
and presumably continuing that during the normal resting life of the 
muscle. This respiration decreases in amount as the c occur 
which accompany loss of irritability and inaugurate ‘rigor. 

The depression due to the absence of oxygen during the early part 
of the rigor plateau presents great difficulties. It is hardly suitable to 


discuss it at all until it has been shown whether and when in the 


gradual development of the rigor the depression is removed. But my 
own observations, which show that it is only upon the presence of 
oxygen before the beginning of rigor, that this part of the discharge of 
CO, during rigor depends, are in harmony with those of Tissot, who 
finds no actual absorption of oxygen by clotting muscle. 

For the present the suggestion may be tentatively made that the 
absence of oxygen during the survival stages before rigor leads to a 
delay, or a distortion of the process of rigor appearing subsequently. 
The facts as they have been found already are fully explained if this be 
true. If rigor be merely delayed the depression in the curve for the 
muscle exposed to nitrogen should gradually disappear, as indeed it has 
already shown indications of doing. If it be prevented in whole or 
part, the depression should continue until rigor in the control muscle 
exposed to air has been completed. 

Such an explanation if tenable would remove the difficulty raised 
by the observation of Tissot mentioned on page 25. The muscle 
which had ceased to produce CO,, during confinement since excision in 
an atmosphere of hydrogen, absorbed oxygen and discharged CO, on its 
exposure to air. At first sight opposed to Tissot’s denial of the 
absorption of oxygen to clotted muscle, the fact may be explained on 


the assumption that a part of the rigor process had been delayed or 


prevented by the previous entire seclusion from free oxygen. 

I have not gone into the relation of the appearance of putrefaction 
in muscle to the presence of free oxygen. In two well marked cases 
the rapid rise in CO, output due to putrefactive bacteria appeared 
simultaneously i in a muscle exposed to nitrogen, and i in its control pair 
in air. 


op. cit. 
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§ 6. Effects of special poisons. 


The effects of chloroform vapour. Chloroform vapour has been 
found to produce very striking modifications in the normal course of 
_ CO, discharge from excised muscle. These modifications are different 
for the different stages in the discharge passed through after excision, 
and for this reason the use of chloroform has been very important in 
supplying an additional test of the reality of the ee which have 
already been drawn between them. 

For the application of the vapour a simple slesiebial chamber 
containing chloroform was introduced between the moist and the 
experiment chambers. A by-pass was provided so that the air 
current could flow as usual from the moist chamber direct to the 
muscle, but could be switched at will and for definite periods through 
the chloroform tube to receive its charge of the vapour. 
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Fig. 23. Effect of chloroform on survival respiration. 


During the periods before the beginning of rigor, the effects of the 
vapour upon the normal curve of discharge may be two-fold. If the 
vapour be switched to the muscle for five minutes or more, and 
especially if the chloroform be warmed at the same time, a marked rise 
is produced in the rate of discharge (see Fig. 23). This is the effect 
most commonly obtained. If the chloroform be applied however for a 
very short time, the exactly opposite effect may be produced of depress- 
ing the rate of discharge, This result is more difficult to obtain, and 
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has only been noticed in cases where the chloroform has been unheated, 
and its application only for 1—2 minutes. It is well shown at Fig. 24, 


¢ 


_ Hours 1 2 $ 4 5 6 
Fig. 24. Early ‘answsthetic’ and later exciting effect of chloroform on 
survival respiration. 


in which also the opposite effect due to a subsequent larger dose is 
given. The effect upon the curve of very slight doses of this kind 
sometimes appears to be intermediate in character, a temporary 


depression being followed by a temporary rise (see Fig. 25). 
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After these earliest periods the effect of chloroform vapour is for 
many hours of only one kind,—an elevation in the curve of discharge. 
Dae the whole of the long sang in which the muscle is undergoing 
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rigor, the vapour invariably produces a rise in the curve. As the rigor 
becomes more complete throughout the preparation the maximal effect 
of the vapour diminishes. The latest time at which the effect can still 
take place exactly marks the end of the rigor ‘ plateau. 

During the stage after the completion of rigor, and before the onset 
of putrefaction, no dose of chloroform, however intense, has been found 
to effect the low rate of dischargé characteristic of this period. 

When, finally, the time has come for the steep elevation of the 
curve due to bacterial putrefaction, the chloroform vapour has again an — 
influence upon the rate of CO, discharge. It produces an immediate 


and marked decline in the output, rapid at first but slower afterwards _ 


even if the application of the vapour be long continued. This effect of 
chloroform will be more fully discussed in § 9. 

That chloroform should produce an increase in the production of CO, 
_ by an excised muscle is to be expected from its well-known property of 
hastening rigor mortis. When the vapour reaches the muscle in a 
sufficient dose to produce the rise in the CO, discharge, the surface of 
the muscle is observed to undergo local twitchings representative of 
rapid but localised rigor. The results already detailed show that 
chloroform-rigor like the rigor naturally occurring is accompanied by a 
special discharge of CO,; and the elevation which is produced by a dose 
of chloroform in the rigor ‘ plateau’ must be regarded as due to a hasten- 
ing of the gradual natural rigor which causes a. proportionate shortening 
of the time over which the plateau would otherwise have extended. If 
the dose of chloroform be intense enough to produce complete rigor 
throughout the muscle, the rate of CO, discharge declines rapidly from 
the height it has reached to the low level characteristic of the last stage 
(before putrefaction) of the normal curve. 

That chloroform produces no effect at all upon the normal curve at 
this period after the completion of rigor mortis supports what has been 
said already with regard to this stage. 

The cases in which a minute dose of the vapour has led to a temporary 
decline in the rate of discharge during the earliest survival periods 
provide an additional illustration of the differences between the 
character of the CO, discharge at this time and that during the onset 
of rigor. It is natural to suppose that a depressing effect (‘ anzsthetic 
effect’) of this kind would be of rarer occurrence in face of the opposite 
tendency of the vapour to ne fd mortis and its accompanying 
CO, production. 


Tha efet of ether vapour. The eft of ether vapour applied 
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that of chloroform have given similar results. Larger doses (i.e. longer 
application of vapour) are necessary for equal effects in hastening rigor 
and elevating the curve of discharge. 

I have not obtained an ‘anesthetic’ effect in the early periods by 
means of ether. 

The effects of carbon disulphide vapour. This vapour has a very 
marked effect -in hastening the process of rigor mortis as that is 
represented by the rate of CO, production. To the eye, however, its 
effect upon the muscle in stiffening is much less obvious than that of 
chloroform. The carbon disulphide produces an immediate rise in the 
rate of CQ, discharge from the first periods after excision (see Fig. 26). 
After the completion of natural or artificial rigor, however, it has no 
effect upon the discharge. 


Carbon Disulphide 
3 — | 


Fig. 26. Effect of CS, on survival respiration. 


Ceihes disulphide was said by Kiihne, with Jani, to act only as a 
stimulant of nerve. 

The effect of alcohol vapour. I have not been able to obtain any 
positive results with the use of alcohol vapour applied according to the 
method described for chloroform. The passage of the vapour over the 
muscle substance has in no case been found to produce at ordinary — 
temperatures any effect upon the rate of CO, discharge. The longest 
exposure to the vapour was for 3} hours. Alcohol is one of the 
substances which Kiihne grouped as stimulants of nerve but not of 
muscle. 
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§7. Effects of acids. 


The experinrents under this head are at present very incomplete, 
but some of the results I have obtained with solutions of lactic acid 
may be definitely stated. 

Catharine Schipiloff* (12) found that weak solutions of lactic 
acid (‘1—'25 p.c.) upon injection through the blood vessels of a frog 
caused immediate rigidity of the muscles. This rigidity was not only 
- removable on injection of stronger solutions (3—'5 p.c.), but was said 
not to be caused at all if the stronger acids were applied at the first. 
Schipiloff suggested that the development of lactic acid’ during 
survival periods was the cause of natural rigor mortis, the ultimate 
disappearance of which was due to the solution of the myosin clot in 
the stronger accumulated acid. | 

I have examined the effect of lactic acid solutions upon the survival 
CO, discharge and upon the occurrence of rigor mortis. The lactic 
acid was dissolved in normal salt solution in amounts from ‘05—5:0 
per cent. This series of strengths is a more extended one than 
Schipiloff refers to. Every solution of lactic agid was found to 

produce rigor mortis in an excised muscle imm in it. The onset 
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Fig. 27. Muscle contractions caused by lactic acid. - 


of rigor was more rapid as the solutions increased in strength and was 

practically instantaneous when such a very strong solution of acid as 

that of 5 p.c. was applied. At Fig. 27 are given curves oe 
d, med, Wiss. 182, 
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the shortening of the frog’s gastroonemius upon the application of lactic 
acid solutions of 5°0, 50 and ‘05 per cent. respectively. It will be seen 
that the strongest of these solutions is ten times more concentrated than 
_ the solution quoted by Schipiloff as altogether preventing rigidity. 
The effects of these lactic acid solutions upon the survival discharge 
of CO, are in agreement with their influence upon death-shortening. 
All the solutions used, of strengths varying between the limits stated, 
have markedly increased the rate of CO, output. The experiment 
given at Fig. 28 shows that a ‘05 per cent. solution applied to the 
muscle increased within ten minutes the rate of output from °42c.c. to 
‘68 c.c. per hour. The 5 per cent. solution of acid had an effect upon 
the CO, discharge only comparable with that produced by heat. The 
rate of discharge rose in five minutes from ‘32 ¢.c. to 1°50 c.c. per hour, 
sinking gradually to zero during the continued application of the acid. 


at 
05 Inctic acid | | 
& : 
25+ | 
3 

20 F 

‘10F 

Ob T 

Hours 1 2 3 4 5 6 


Fig. 28. Effect of lactic acid on survival respiration. (Legs of very large frog used.) 


The application of the acid was always effected within the ex- 
periment chamber itself ; 10 c.c, of the solution placed at the lower end 
of the tubular chamber, was brought to the muscle at will by the 
tilting of the chamber (see Fig. 42). 

The results of some experiments I have recently begun have 
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suggested that it may become possible to draw a distinction between 
the mode of action upon muscle of very weak lactic acid solutions and 
of the stronger ones. The sudden rigor produced in a muscle subjected 
to immersion in fluids containing more than ‘1 per cent. of acid seems 
to be of a different nature from the slower shortening caused when less 
acid is present. The shortening produced by a ‘9 per cent. NaCl 
solution containing ‘05 per cent. of lactic acid is partially removable 
by subsequent immersion in the same NaCl solution containing no acid. 
Such a recovery is shown at Fig. 29. I have so far been quite unable 


05 °/, lactic acid J 
in 9 NaCl 


i A i a 2 i i i i 
Minutes 5 19 15 20 25 30 35 40 45 50 55 60 65 70 75-80 85 W % 
Fig. 29. Recovery from contraction due to weak lactic acid solution. 


A 


to find a similar recovery from the shortening produced by the stronger 
acid solutions (‘1—5 per cent.). This possibility of recovery from the 
lactic acid rigor which has been produced by the weakest acid solutions 
indicates that the shortening in these cases may not be due to a 
chemical reaction which introduces or accompanies rigor mortis, but to 
3 physical effect connected with osmosis based upon the presence of the 
lactic acid in solution about the muscle. It is difficult otherwise to 
account for the relaxation undoubtedly caused by the subsequent 
washing with the neutral salt solution of exactly the same concen- 
tration as that previously holding the acid. Such a physical effect, if it 
occur, must be present too when the stronger acids are employed, but — 
here it is-presumably overshadowed by the very pronounced chemical 
phenomena with the rapid shortening and rigidity. 

This consideration, at present only suggested, is of interest in 
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relation to the effects of the acid upon the natural CO, discharge 
already described. The weakest as well as the strongest acids have 
been found to increase the rate of CO, output. But if the shortening 
due to the weakest be a physical phenomenon, and not comparable with 
true rigor, the additional CO, produced by the weak lactic acid solution 
must have a different source from the greater part of that due to the 
strong solutions. It is conceivable that the very weak acid solutions, 
_ too weak to cause immediately the chemical disturbance accompanying 
rigor mortis, but able to affect the physical condition of the muscle 
in such a way as to produce slight shortening, might affect, as it does, 
_ the amount of CO, output by liberating CO, held within the muscle in 
loose combination. The action of the stronger acids would be the 
same, but would cause in addition the pronounced shortening and the 
additional CO, yield of true rigor mortis. 


§ 8. Influence of temperature variations. 


Under this head will be very briefly described the effects produced 
in the normal rates of discharge : 
(a) by verigisons of temperature within the limits 18° C. —25°C., 


(6) by oling to points between 0°C. and 5°C. 

(a) The effects of variations of temperature between 13°C. and 
_ 25°C.—the upper limit being well out of reach of the heat-clotting 
temperature—have not presented any special points of interest. I have 
not yet worked out any accurate quantitative relations between the 
temperature (between these limits) and thé course of the survival 
respiration. But some general qualitative relations may be roughly 
stated. 

The initial rate of the first diffusion effect—of the discharge of CO, 
during the first period after excision—is increased with the tem- 
perature within the stated limits, an increase probably related in a 
simple way to the decrease in solubility of CO, as the temperature 
advances. ‘The beginning of the period of progressive rigor mortis 
is hastened as the temperature is raised. The earliest indications of 
it may be found in the 4th hour of excision for temperatures of 
19°—22° C., or as late as the 7th hour for temperatures of 13°—15° C. 

The most important factor in regulating the time of appearance 
of bacterial putrefaction is the temperature. Putrefaction is hastened 
as the temperature is higher. Other factors, such as the cleanliness 
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of the materials used and the nature of the muscle surface, are 
prominent enough to make it difficult to express this relation more 
accurately, 

_ (6) Kiihne' (1864) has shown that the frog’s muscle shia is 
prevented from clotting by temperatures below:0°C., and that at 
temperatures just above this the clotting proceeds extremely deni. 
I have followed the rate of survival discharge in muscles kept at 
temperatures between 0°C. and 5°C., chiefly with the object of finding — 
how far the rigor produced by chloroform was comparable with natural 
rigor in relation to cooling. At Fig. 30 is shown the course followed 


| Chloroform 
3 | } | | | 


Fig. 80. Survival discharge from legs of frog at 0°—5° C, 


by the discharge from a muscle cooled to this extent, The low 


initial rate of discharge is soon succeeded by a very low and steadily 
maintained rate continuing for many hours. After 24 hours (during 
part of which time the temperature rose as high as 8°C.) no rise from 
the low rate of discharge had made its appearance. 

At 5°C. chloroform vapour has no effect at all upon the rate of 
discharge. In the experiment shown. at Fig. 30 the vapour from 
heated chloroform applied for an hour did not ears * affect the 
yield of CO,. 


§9. Phenomena of bacterial putrefaction. 

The sudden upward tendency of the normal curve of CO, discharge 
accompanying the development of a putrefactive smell makes its 
appearance at a very variable time after the first exposure of the — 
muscle-preparation. This rise in the curve leads rapidly to rates of 
CO, discharge much higher than those attained during any of the 
earlier survival periods and is the natural conclusion of the whole 
account of the survival production of CQ,. 


1 Untersuch. ti. das Protoplasma, Leipzig, 1864. 
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That the daily increase in the output of CO, from an exposed 
mammalian muscle is a function not of the muscle itself but of micro- 
organisms infecting its surface has been shown by Tissot! (1894), who — 
found that under aseptic conditions the output from the muscle soon 
declined to zero. In the case of frog’s muscle I have found it possible 
to ward off the putrefactive rise in CO, output for at least six days 
after excision. It has been already said that the discharge of CO, 
eventually sinks to the ‘traces’ equivalent to zero, in the absence 
of micro-organisms. The study of the CO, phenomena of bacterial 
putrefaction is accordingly irrelevant to the survival respiration of 
muscle, but a short account of their relations to the normal curve 
is necessary to illustrate the objections which have been raised to many 
of the older observations upon ‘muscle-respiration,’ in which. pre- 
cautions were not taken against this source of error. 

The steep rise in the rate of CO, discharge due to putitefaction Sas 
been shown at Figs. 4,6 and 7. The putrefactive rise varies markedly 
in the time of its appearance, the most important factors aiding its 
early development being warmth and uncleanliness. The average time 
of occurrence of putrefaction, in experiments where clean instruments 
and sterilized chambers have been used, is from the 36th hour onwards 
from excision, for temperatures 14°—17°C. One of the latest times of 
occurrence is that shown at Fig. 7, where the putrefactive rise began at 
the 50th hour, and was not very highly developed even at the 70th. 
Under ordinary circumstances however the average time of occurrence 
is about the 24th hour after excision, at 20°—22°C. The rate of 
increase of CO, output during the early stages of putrefaction may 
be very great. In the example given at Fig. 6, for instance, the rate of 

output is rather more than trebled within 4 hours. 

The influence of cleanliness in work was shown in three immediately 
consecutive experiments carried on in the same chamber which was 
only rinsed with water at the end of each, instead of being washed out 
with mercuric chloride solution as usual, In the first, the putrefactive 
rise began at the 40th, in the 2nd at the 19th, and in the 3rd at 
the 15th hour after excision. A similar muscle-preparation was 
employed in each case, the temperature for all being 17°C. The very 
first beginning of a rise in output of CO, is nearly simultaneous with 
the earliest occurrence of a putrefactive smell. It is often however only 
just possible to detect a putrefactive smell from muscles in which a 
well-marked rise of the CO, output has 

1 op. cit. 
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The effect of chloroform vapour upon the putrefactive production of — 
CO, is well-marked. A dose of the vapour given for an hour, according 
to the method already described, produces invariably a rapid decline in 
the rate of output. It is usually observed however that though an oe 
hour’s dose of chloroform will rapidly bring the production of CO, to a | i 
lower level, a subsequent larger dose (from 3 to 5 hours for instance) 
carries thé decline no further. To bring the level of CO, production 
approximately to zero it is necessary to apply the vapour for an 
enormously longer time. The following typical example illustrates 


—— 


Hours 43 “4 45 46 47 48 4 67 68 a? 


Fig. 81. Effects of chloroform upon bacterial putrefaction. 
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this. Toa putrefying muscle discharging CO, at the rate of 1:2 c.c. per 
hour, chloroform vapour was applied for 14 hours. The rate sank to 
‘54 cc. per hour at the end of 3 hours, but declined no further. 
Subsequently the rate of discharge again rose and reached 1-4 c.c. CO, 
per hour. During six hours of chloroform the rate became ‘34 c.c. per 
hour at the end of 3—4 hours, but did not fall lower. The temperature 
was 16°—18°C. After 24 hours from the beginning of the experiment 
the putrefactive discharge rose to the rate of 1°6 c.c. per hour, and was 
brought by means of chloroform applied for 4 hours to ‘35 c.c. per hour. 
After an application lasting 20 hours the rate of discharge fell to 
‘05 cc. per hour, te. approximately to zero (see Fig. 31). | 
The facts agree with the accounts of the products of putrefaction 
which have been based upon other considerations (see Gotschlich? 
(1896)). These bodies are to be considered in two classes. On one 
hand are the immediate products of the cell-metabolism of the bacteria, 
while on the other are the products of the chemical disturbance set up 
in the culture medium through their agency. The large respiratory _ 
gas-exchange of certain bacteria has been demonstrated by Hesse? 
and others. It is reasonable to suppose that the part of the putre- 
factive yield of CO, which is immediately checked by chloroform is 
a measure of the direct respiratory activity of the micro-organisms upon 
the surface of the muscle. The remaining part, which is not checked 
until the application of the chloroform has been continued for many 
hours, cannnot have a similar source. It is probably to be assigned 
to chemical changes already set up in the muscle-substance, presumably 
through enzymes secreted by the organisms,—changes which the 
chloroform can only control by killing the bacterial _ and so 
preventing their continued origination. : 


§ 10. of Part II. 


awh 


has been expressed by a curve representing the EC in the rate of 
discharge of CQ,, from excision onwards. Without precautions the 
normal course may be interrupted by the special output of CO, due to 
putrefactive bacteria, but it has been shown that this output is a purely 
accidental and independent phenomenon which, when recognised, may 
be left out of consideration. 


1 Fligge’s Micro-organismen, Leipzig, 1896. 
3 Zeitschr. f. Hygiene u. Infektionskankheiten, xv. 
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The normal curve of discharge (see Fig. 32) may be divided into 
three stages. The first stage extends over about 5 hours and is irregu- 
larly declining. The second stage, described as the ‘plateau,’ is many 
hours longer and shows a very slowly declining rate of discharge. It 
passes by gradual degrees into the third stage in which only traces of 
CO, are yielded by the muscle. Reason has been shown (§ 2) for 
believing that during this last stage the production of CO, de novo by 
the muscle has reached zero. The first and second stages of the curve 
are merged at a point near the 6th hour which is marked by a slightly 


raised ‘hump.’ The hump may be well or badly marked and has been 


absent in one out of every three or four curves obtained. 
_ The results stated in § 2 have shown that a given evolution of CO, 
at any time within the muscle is to be expected to have punctual 


representation in the curve of general discharge. And they indicate — 


that the curve as a record of the course of events in the muscle is 
approximately faithful in its time relations. 

From the consideration of the schematic normal curve. at Fig. 32, 
which marks out an area expressing the total output of CO, by volume, 
we may first remove the only part of it which has been shown to be 
dependent upon the immediate presence of free oxygen in the atmo- 
sphere. This forms a small fraction (4—}) of the output during the 
earliest period after excision, but the fraction decreases as the survival 
discharge proceeds until, after a point near the 6th hour, no part of the 
CO, output seems due to contemporary oxidation (§ 5). The shaded 
triangular area at the lower part of the diagrammatic scheme represents 
this diminishing discharge of CQ,. 

For the present it seems most natural to suppose that such a 
declining oxidation is similar to and actually continues part of the 
respiratory process of normal life. And the presence of such a slight 
but ‘vital’ respiration after excision supplies an explanation of the 
slight ‘ansthetic’ effect produced by small doses of chloroform vapour 
during these early periods (§ 6). 

After subtracting the CO, due to this declining and imperfect ‘ life, é 


there still remains the bulk of the survival discharge (the unshaded area 


in the scheme) for consideration. The part of this which seems to have 
the more obvious meaning is that subsequent to the 6th hour already 
described as the plateau. This has already been taken as an indication 
of the constant production of CO, due to the gradual onset of natural 
rigor mortis in all parts, successively, of the muscle (§ 4). The forma- 
tion of free CO, during this time is accompanied by the continued 
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formation of acid and the progressive shortening of the scanecle, and may 
be hastened, like these, by the application of chloroform vapour, of other 
irritants, of lactic acid, and of heat; it is retarded by cooling and also, 

apparently, by the absence of free oxygen from the muscle during the 
previous survival periods (§ 5). In the normal curve, uninterrupted by 
putrefaction, the end of the rigor plateau, which is the end of the 
_ spontaneous activity of an excised muscle in the production of CO,, is 
definable by the absence of any chloroform effect (§ 6). 

Turning lastly to the unshaded area of the scheme during the early 
survival periods from excision to the 6th hour, greater difficulties of 
interpretation arise. The activity of discharge declines from the be- 
ginning, first rapidly, and then more slowly, until it reaches a rate of 
production equal to that at the first part of the rigor plateau, exclusive 
of the hump. It is not easy to explain this part of the discharge as 
arising from any one source alone within the muscle. 

To interpret the whole of it as due to splitting processes like those 
- responsible for the rigor plateau, and which decline from an initial 
activity caused by the shock of excision to a steadier spontaneous 
level, is made difficult by the shape of the curve. Whenever by 
interference the rate of CO, discharge is increased temporarily during 
the plateau, the subsequent decline is first slow and then rapid, giving 
@ convex outline very different from the concave descent under discus- 
sion. The facts given in § 3 are also opposed to such a view. 

Another explanation would be found in the view that this part of 
the discharge is the result of processes of destructive metabolism like 
those during normal life associated with the maintenance of irritability 
in a resting muscle. After excision, it might be taken that these 
processes, declining with the disappearing irritability, gave rise to the 
falling curve under discussion. It is however impossible under this 
interpretation to explain the close similarity between both the early 
and later course of discharge from a muscle in which the circulation has 
continued after the beginning of exposure and observation, and those in 
the case of a muscle excised in the ordinary way. It has been found 
that it is on the time of skinning and exposure and not on the time of 
stoppage of circulation that the occurrence of the rapid decline from 
relatively high rates of CO, discharge depends (§ 3). All we know 
moreover of the decline of the functions of muscle during survival 
periods, show it to occur as a diminishing arithmetical series, and the 
curve representing it to be a straight line. 

It has been suggested (§ 2) that an account of the CO, discharge 
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during these early periods might be given in terms of diffusion of an 
excess of CO, from the muscle substance. The shape of the normal 
curve is such as to suggest that the muscle at the moment of excision 
contains more free CO, in its substance than represents its activity at 
that time in production. The curve of discharge, as in the artificial 
ease for comparison, sinks rapidly and then more slowly until it has 
reached the level maintained by the actual rate of fresh production. In 
the absence of the initial surplus of CO,, the curve would begin (see 
p- 84) at a level not very much higher than that just before the 6th 
hour or that of the rigor plateau. Such an explanation is applicable to 
the case in which the circulation was continued after the beginning of 
observation (p. 78). Here, too, the rapid initial descent is not directly 
representative of declining production but of the establishment of equi- 

_ librium between the CO, contents of the muscle substance and of the 
air surrounding it. 

On this suggested explanation, the earliest stage of the whole 
survival discharge from excised muscle is to be accounted for in terms 
of three separate factors. The bulk of the discharge of CO, is due to 
destructive processes going on within the muscle independently of the 
surrounding medium. In addition to this are smaller quantities of CO, 
of two distinct origins. Part of the earliest discharge is CO, existing 
already as such within the muscle and which escapes with the rest by 
diffusion outwards. The process of diffusion is rapid enough to allow 

- the escape to attain first rapidly and then more slowly the rate of 
output representing the real rate”of production by the muscle. The 
remaining part of the discharge, finally, is due to a process in which 
oxygen is absorbed from the air and CO, produced, and which is to be 
taken as an imperfect continuation of part of the normal process of 
respiration during somatic life. The rate of this yield of CO, possibly 

only contributed by the layers of muscle which have direct access to 
the atmosphere, declines steadily from excision until near the 6th hour, 
when it has reached zero. : | 

After this time, usually at the 6th hour from the first exposure, the 
rate of discharge is at last truly representative of the destructive pro- 
cesses going on in the muscle independently of its surroundings which 

have for one end the appearance of free CO,. To processes of this kind 
~ have been already assigned the CO, production during the long rigor 
- - plateau. They are to be considered for the present as extending also 
| over the earlier periods, but masked in these by the initial diffusion 
effect, and supplemented as well by the slight and declining oxidative 
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process continuing normal respiration. In the scheme at Fig. 32 these 
factors in the discharge have been expressed diagrammatically. 

This interpretation of the course of survival respiration in muscle 
can be only provisional in view of the many additional experiments 
which have still to be made. It gives at present however an adequate 
expression to the results already obtained. Some difficulties emai by 
its adoption may be briefly considered in conclusion. 

It has been said that the most satisfactory explanation of the form 
of the early part of the normal curve involves the presence in the 
muscle, just after excision, of free CO, in excess of that being formed at 
the time. And although it is extremely probable that the rate of CO, 
production within a living muscle whose circulation is intact is greater 
than that during any survival period, the presence of any excess at 
excision which is quickly removable by diffusion outwards, seems to 
imply at first sight that the blood-stream is actually a less efficient 
means for the removal of the CO, than the process of diffusion to the 
air current after excision. 

At present there is no reliable ground on which to base a comparison 
between the two processes, nor is there direct evidence of the complete- 
ness or rapidity with which removal of CO, is effected by the blood. 


The presence of an excess of CO, in the muscles just after excision from 
a freshly killed frog is not difficult to understand. The rate of produc- 


tion of CO, within the living body, when nutriment is being supplied 
to the muscle as well as oxygen by the blood, is probably very much 
higher than at a time after excision when nutriment is not supplied and 
the oxygen reaching the tissue does so by diffusion from outside. And 
the fall from one level of production to the other, though sudden, is 
probably not exactly synchronous with the moment at which the 
circulation ceases, since after such cessation the building up processes 
by which the high level of CO, production is attainable, may continue 
for a time. Such a*brief continuation would give. the excess needed 
by hypothesis. The completion of the escape by diffusion of this excess 
would allow the normal curve soon after the earliest period to represent 
the truly survival discharge on the lower level. Such an explanation 
does not include the case quoted at p. 34 and p. 78 (Fig. 41), if under 
those conditions the circulation through the leg muscles be really 
normal. The experimental method however is sufficiently imperfect to 
allow a doubt on this point. The legs had been skinned, and the waist 
was necessarily slightly constricted ; these conditions might be enough to 
lead to an excess of production over removal of CO, in the living muscles, 
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Leaving this question on one side, there can be no doubt that the 
bulk of the survival discharge of CO, after excision is due to chemical 
processes occurring spontaneously within the muscle, in which complex 
molecules are replaced by simpler ones, with the conspicuous results of 
the appearance of the acid and of free CO,. This process, masked as 
we have seen during the earliest survival periods, becomes more and 
more evident as its resulting CO, discharge ceases to be augmented 
from othér sources. There has appeared so far no reason at all for 
dissociating this destructive decomposition, as it occurs before the 6th 
hour, from that giving rise, later on, to the plateau with or without its 
introductory hump. It is a decomposition during the whole course of 
which no line can at present be drawn dividing one variety of CO, 
origin from another. The presence in most cases of the 6th hour's 
‘hump’ is however an irregularity in the otherwise uniform advance of 
destructive decomposition for which no counterpart has yet been de- 
scribed either in the physical condition or acid reaction of the muscle. 

The variability of occurrence of this hump, taken together with the 
effects of weak solutions of lactic acid upon muscle (§ 7) have suggested 
a meaning for it which is advanced with hesitation, but which at least 
supplies a divection for future experiments. It was shown that ex- 
_ tremely weak lactic acid solutions, whose effect in causing shortening of 
the muscle was apparently rather physical than chemical, since it was 
reversible by a simple alteration of conditions (see p. 56), nevertheless 
produced an increase in the output of CO, from the muscle. It was 
suggested that this increased output was due to the liberation of CO, — 
previously held in loose combination within the muscle and that the — 
increase was not of the same nature as that caused by the strong acid 
solutions which undoubtedly have a direct chemical effect upon the 
muscle substance and lead to a large fresh production of CO,, 

The destructive decomposition advancing in an excised muscle is 
accompanied by the production of acid and of CO,. It is easy to 
imagine that at a certain point the acidification becomes intense 
enough to liberate loosely combined CO, within the muscle, whose 
output would cause a ‘hump’ on the curve, That such a ‘hump’ 
should be variable in its occurrence could then (and it is not easy to 
see how otherwise) be accounted for, since such loosely combined CO, 
might be of variable occurrence, and depend on the previous activity or 
nutrition of the muscle. | 

The production of acid still advances, however, and as it accumulates - 
more and more in the muscle-substance it is reasonable to suppose, 


5—2 


hig 
Lz 
S 
ag 
f 
Sa 
4 
7 
<t 
4 
4 


68 M. FLETCHER.’ | 
from its effect when artificially applied, that it acts in a kind of vicious 


circle by aiding the processes of decomposition which gave rise to it. 


Our knowledge of the different stages in these processes is extremely 
slight. One of the stages, and probably itself a late one, is the 
production of the myosin clot, but the relation of this to the other 
occurrences introducing or accompanying it is still unknown. 
The comparison of the normal curve of CO, discharge with the | 
curves expressing the death-shortening of the frog’s leg muscles (Fig. 
16), shows that the chemical processes leading to the production of 
CO, correspond in point of time with the early stage of very slow 
shortening, and are not only nearly at an end when the rapid shortening 
begins, but exhibit no signs of increased activity at that period. It is 
suggested here that the slow shortening associated with the steady 
production of CO, may be analogous to that produced apparently as a 


physical effect by ‘weak solutions of lactic acid, and may be due to the 


slowly accumulating acid whose formation is an accompaniment of the 
CO, production at this time. At a later time, the noticeable pre- 
cipitabioa of the myosin clot occurs. This is associated with a rapid 
shortening of the whole muscle, but a shortening which, probably like 
the change from myosinogen to myosin, has no representation in the 
form of the normal curve for the CO, — 


Part III. THE COURSE OF SURVIVAL RESPIRATION DURING 
PERIODS OF CONTRACTION. 


In the previous observations upon the rate of the CO, output from 
active as compared with resting excised muscles, results have been 
obtained to show that a special outburst of CO, is the inevitable 
accompaniment of contraction in an excised sale 

In the early accounts by Matteuci* and Valentin® (1857) of 
muscle respiration, it was stated that the amount of CO, discharged 
into the closed experiment chamber was increased if, during @ given 
time, the muscle had been stimulated by the interrupted current. 
This statement was repeated by Hermann® after his later (1867) 
experiments upon this point; he found that more CO, was discharged 
by a muscle which was tetanised than by a similar muscle at rest 
during the same time, but that this difference between their rates of 
discharge was diminished if the resting muscle were frequently agitated. 


op. cit, - op. cit, op. cit. 
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A part therefore of the excess CQ, in the case of the tetanised muscle | 
was due to the continued renewal: of the layers of air next to the 
muscle :— 


10 minutes. | 


Muscle at rest yielded 1°43 per cent. of CO, by volume. — 
Sim. muscle tetanised yielded 9°33 


Exp. 31. 2 muscles, each in tube. Period of estimation 2 hours 
35 minutes. 


Muscle at rest but agitated yielded 9°31 per cent. of OO, by volume. 
Sim. muscle tetanised _,, 


The results of determinations of the kind quoted, are not very 
satisfactory. For since tetanus is known to hasten rigor mortis, and 
the latter process has been shown to be accompanied by an increase in 
CO, output, the experimental result may be equally well explained as 
due to the inclusion of some of the CO, due to rigor in the one case 
within the long period of observation upon the two muscles. 

The latest work on this question has been that of Tissot! (1895). 

The leg of a frog, deprived of its skin and with its foot removed, was 

passed up to the known volume of air contained in a test tube inverted 
“over mercury. After the experiment the changes in constitution 
effected in the air were determined eudiometrically. 

Tissot denied that mechanical agitation aids the evolution of CO, 
from the surface of a muscle, and, with regard to the effect of con- 
traction upon the discharge of CO,, found that the muscles of a 
stimulated leg yielded more CO, than those of a leg kept at rest 
during the same time. He gives the figures :— 


Leg at rest yielded | ‘34 c.c. CO, in 70 minutes. 
Leg stimulated to contract yielded ‘54c.c, CO, __,, 


The possibility of the hastening of rigor in the muscle which has 
been severely tetanised is a serious weakness in the conclusions which 
Tissot has drawn, and it is a possibility which apparently he has not 
considered. Whether or not placing the muscles in a confined and 
small volume of air, so that they were exposed to the accumulating 
products of their activity, could also have resulted in the hastening of 
rigor, is another point which is not discussed as a sie source of 
error, 


op. cit. 
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70 : W. M. FLETCHER. 

I have followed the changes accompanying contraction in an excised 
muscle by the volumetric method already described, and have found 
the method especially convenient for the purpose. The periods of 
estimation may be so short as to be contained within the earliest 
survival periods before irritability has declined far, and the course of 
the CO, discharge may be readily followed after the period of activity, 
without interruption. At the same time the fact that the current of 
air causes a continual renewal of the layers of gas nearest the muscle, 
renders it unnecessary to consider possible complications due to ;the 
movements of the contracting muscle. 

The muscles of the frog’s leg have in all cases been used. The 
ak experiment chamber has usually been tubular, with entrance and exit 
) tubes at opposite ends, the whole volume being made as small as 
possible. In the earliest experiments the pelvis of a frog was prepared 
with both legs attached; the feet were amputated and the skin re- 
moved. The preparation was enclosed in a flat discoidal chamber, two 
platinum electrodes passing to the exterior having been hooked one 
behind each gastrocnemius tendon. The result of a typical experiment 
of this kind was as 8 follows: — 


Fig. 88. Survival discharge from leg muscles of frog. Periods of contraction are shaded. 


Experiment I, (See Fig. 33.). 
4 The two legs arranged as described and current started 11.30 a.m. 
| 11.45.m.—12.5 yielded -14¢,c. OO, per } hour. 


12.5 p.m.—12.35 ,, ” 
12.41 ,, — 11 

45 9? a.m. ‘10 > ” 
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From 12.35—12.55 muscles tetanised during eprnate minutes (coil 
at 17 cm.). 

From 1.21—1.45 muscles alternate minutes (coil 
at 6 cm.). 

It is seen that in this experiment severe intermittent tetanus 
extending over 20 minutes produced an extremely slight addition to 
the total CO, output (about -02 cc. CO;). A second period of tetanus 
of the same kind, however, caused a rise in tlte rate,of output no higher 
than the first, but which led to a long saniitelned Javed of production 
corresponding closely with the plateau in the natural curve already — 
associated with rigor mortis. Here then is evidence that while no 
distinct outburst of CO, is associated with contraction, the contraction 
_ may cause a very marked hastening of the advent of rigor mortis. If 
the total discharge from this tetanised muscle collected for one estimation 
during the first 3 hours had been compared with that from a similar 
resting muscle, an excess amounting probably to nearly l-5c.c. of CO, 
would have been put down in the former case to the occurrence of 
contraction as such. | 

In all the experiments remaining to be described however it was 
found that if care be taken in the application of the stimulus, even 
the effect of hastening rigor may be avoided and the period of tetanus 
gone through without apparent modification in the normal curve of 
di 


In the following example the preparation was arranged as in 
Experiment I, but the lumbar plexus of each side was laid across 
the electrodes. 


c.c. CO, per 30 mins. 


Fig. 84. Survival discharge from leg muscles of frog. Periods of contraction shaded. 
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Experment IT. (See Fig. 34.) 
Current started 11.0a.m. 


11.22—11.42 a.m. yielded ‘22 ¢.c. CO, per 4 hour 
pm , 15 ,, 
[12.11—12. muscle stimulated through nerves to tetanus every 
15”. Coil at 20cm.] 
12.20—12.42 p.m. yielded ‘15 cc. OO, per $ hour 
12.50— 1.10 ,, | 
1.20— 2.30 ” ” 13 ” 
[3.3—3.8 stimulation as before ; similar response with coil at 12 om. ] 
3.10— 3.30 p.m. yielded — CO, per hour — 
340— 42 , 
[4.12—4.20 stimulated as severely as 10”, coil at Ocm. 
Irritability soon abolished. | 
4.20— 4.40 p.m. yielded ‘19 oc. CO, per $ hour 
” 


In this experiment two periods of contraction, active but not 
excessive enough to produce rapid loss of irritability, were marked 


by no rise in the curve. The third period of excessive contraction 


at a late survival stage led to a sustained rise, but, while the 
stimulus applied was much more intense than before, the resulting 
contractions were even at the first not greater than the previous ones, 
and were absent during the last two minutes of the stimulation. 


- Fig. 85. Survival discharge from leg muscles of frog. Periods of contraction shaded, 
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In a similar experiment, two legs of a frog were used, connected in 
series by platinum wire in a tubular chamber. The induced current 
was sent through the whole muscle chain, 


Experiment III. (Fig. 35.) 
Current started 5.35. p.m. 


5.51—6.11 p.m. yielded ‘13 c.c. OO, per 4 hour 
[6.41—7.0 p.m. strong tetanic contractions every 15”, Coil at 7 cm. ] 
6.45—7.5 p.m. yielded *10¢.c. CO, per } hour 
[7.5—7.20. Coil at Ocm. Tetanic spasms produced in rapid succession 
so that muscles perfectly unirritable after the first five minutes, after which 
they remained passive. | 
7.5 —7.20 p.m. yielded ‘28 ¢.c. CO, per 4 hour 


In this example the first period of stimulation is marked by more 
numerous and effective contractions than the second. But while during 
the first no change in rate of CO, discharge is noticed, during the second 
fatiguing stimulation, the rate is nearly trebled. The method adopted — 
here is, in short, the best for securing the maximum effect upon the 
rate of output dependent on fatiguing tetanus. Strong direct stimu- 
lation leading to very rapid loss of irritability and response produces 
the most marked increase in yield of CO, This Experiment III. 
provides a case for comparison with the results obtained by Hermann 
and by Tissot, given above. | 

It may be said that while a period of contraction produces 
no rise in the curve of discharge for an excised muscle unless the 
stimulation be excessive, or deferred until irritability is nearly lost, the 
rise even under these conditions is not temporary or in correspondence ~ 
_ with the period of contraction, but of long duration, usually reaching its 
maximum well after the stimulation has ceased. These points are 
illustrated by a set of three experiments to be described. Here a 
chain of 6 gastrocnemti was used in each case, bearing a load of 
10 grammes. The muscles, connected in series by platinum hooks 
joining each lower end of the femur to the tendon of the next muscle, 
were arranged in an experiment chamber similar to but longer than 
that shown at Fig. 36. The induced current was sent during stimu- 
lation through the whole series. To save space, the figures for volumes 
of CO, are not quoted in full, but are expressed like those above in 
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diagrammatic form (Figs. 37, 38, and 39). The periods of stimulation 
are marked in the diagrams. 


Fig. 86. chamber. 
Exprriment IV. (Fig. 37.) Temp. 16°C. 
lst period of stimulation lasted 10 minutes. Ooil at 7 om. 
Key held open every 15” till maximum tetanic spasm reached. 


Total contraction ~ inch. No appreciable loss of irritability during this 


No effect on curve. 
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2nd period of stimulation lasted 5 mins. Coil at 3 cm. 
Similar stimulation every 15”. Total contraction }—4 inch. 
No effect on curve. 


The rigor hump appears in the subsequent curve of discharge » little 
earlier than normal, 


4 
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Experiment V. (Fig. 38.) Temp. 14°5°C.. 


- Period of stimulation lasted 10 minutes. oil at 4 om. 
Stimulation as before, every 5”. Strong contraction at first, but in second 
5 mins. fatigue very pronounced. Contraction total fell from initial } inch 
to } inch. At end of period there was a permanent shortening of } inch. 
Rise in curve, reaching later maximum, and lasting 3 hours. 


Hours 


1 2 3 4 
Fig. 88. Survival discharge from six gastroenemii. Contraction periods shaded. 
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Expzement Vi. (Fig. 39.). Temp. 13°C. 


lst period of stimulation lasted 10 mins. Coil at 8 cm. 

Stimulation as before, every 10”, no loss of irritability apparent. Con- 
traction total 4 inch. 

No effect on curve. een 

2nd period of stimulation, 4 hours after excision. Lasted 5 mins, Coil 
at 0 cm. 

Stimulation every 5”. Contraction at first violent—total 1 inch,—but | 
rapidly lessening until total } inch. Permanent shortening of } inch. 


§ 


Adwancing rise in curve. 
15 
é 
05 


Fig. 39. Survival discharge from six gastrocnemii. Contraction periods shaded. 


In a muscle-chain composed of 6 gastrocnemi it is very easy to 


observe the permanent shortening due to severe direct stimulation. 


This fatigue effect was always found in those cases in which stimulation 
produced any change in the normal curve of discharge. 

In the last method of experiment to be described arrangements 
were made to secure the greatest possible irritability in the muscle 
preparation. A flat circular chamber was prepared with glass sides 
and wooden edges (see Fig. 40). At one point the wooden edge, 
complete elsewhere, was interrupted by a gap of { of an inch. The 
wood employed had been feviously kept at a high temperature for 
half-an-hour, while immersed in liquid paraffin wax, so that all its 


pores had, on cooling, become filled up with solidified wax. One glass 


side was permanently fixed to the woodwork forming the sides of the 


A healthy frog was lightly anzsthetised with ether and a piece 
of stout sheet india-rubber pierced in the centre was drawn over the 
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frog’s waist, so as to fit well but not too tightly to the skin. The frog 
was placed with its waist in the space interrupting the wooden wall 
of the chamber so that the india-rubber could block the main interstices 
left between the frog’s body and the wood. The unfixed glass side was 


Fig. 40. Experiment chamber. 


brought so as to completely enclose the discoidal chamber containing 
the frog’s hind limbs. Before finally fixing the glass, the skin was 
rapidly removed from the frog’s leg in such a way as to avoid any but 
the most insignificant bleeding, and the feet were fixed by elastic cords 
to a hook fixed to the wooden wall. The interstices remaining between 
the frog’s body and the wood were packed with cotton-wool over which 
a solution of collodion in ether was poured. When the collodion had 
set, it was found that a very air-tight union had been effected at all 
points between the woodwork, the frog’s india-rubber girdle and the 
frog’s waist. Blocking the entrance tube to the chamber, when the 
aspirator was working, instantly stopped the succession of bubbles 
through the resistance bottles. This stoppage would not have occurred 
if any weak spots in the walls of the chamber had allowed the entry 
of air from outside. Details of the course of this experiment are as 
follows ;— | 
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VIL (See Fig. 41.) 


Frog etherised 9.50-a.m, Placed in chamber, legs skinned, and chamber 
finally air-tight 10.3a.m. Current through bottles Ourrent 
switched to baryta 10.21. 


10.21—10.56 a.m. yielded 22.0.0, CO, per } hour. Rest, circulation intact. 
12.55— 1.25 ,, Contraction. 
5.0 7.0 ” 10 ” ” 
7.17—10.17 _,, ” 
x. 
| 


Fig. 41. Discharge from legs of frog. Circulation stopped at =. 


From 10—10.56a.m. the frog under the anmsthetic was breathing 
regularly, and its heart beat strongly. Its legs in the chamber were 
motionless. 

At 11 a.m. the spinal cord was exposed for stimulation. Very little 
bleeding. 

From 11.5—11.43 the legs were kept in ‘an almost continuous 
condition of tetanus by stimulation of the cut lower end of the spinal 
cord and of the anterior roots of the appropriate spinal nerves. At_ 
first the secondary coil was at 16 cm.—later, the coil was moved to 
15 cm, 13 em., and 8 cm. Brief intervals of rest were allowed. 
Irritability: was maintained until 11.43. The leg muscles contracted 
in opposition to one another and in stretching the india-rubber bands 
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of the feet performed external work. The breathing and heart-beat 
were maintained throughout. 

At 11.50 the heart was exposed, the sinus cut across and the frog. 
bled as completely as possible, by tilting the chamber so that the legs 
were higher than the head. 

From 11.50—12.28 no movements occurred. | 

At 12.40 the electrodes were placed on the lumbar plexus of each 
side. With coil at 8 cm., the legs were tetanised by stimulation for 
2 minutes at a time, with rests of one minute between each period 
of contraction, beginning at 12.45. After 1.7, rests of two minutes were ~ 
given. Contractions were good till 1.25, when stimulation ceased. 
Chamber perfectly air-tight at 1.15. 

There can be no doubt that the conditions of this experiment were 
such as to secure greater irritability of the leg muscles than in a — 
preparation stimulated after the necessary delay between excision and 
the first estimation. The severe stimulation produced however no rise 
in the curve of discharge. It will be noticed that a well-marked 
‘hump’ made its appearence at about six hours after the stoppage of 
the circulation. } 

The curve of discharge found in this experiment is of ndiaidie 
interest, and has already been discussed (p. 66). The initial course of 
the curve is such as to suggest that an excess of CO, previously existent 
in the muscle tissue was liberated when skinning took place. For it 
can hardly be possible that the decline represents a decline in the 
activity of the muscle, since in that case it should show some relation 
to the passage from the condition in which circulation is normal to 
that of the first ‘survival’ periods. Although such a curve has been 
obtained in all experiments of this kind, it may still be possible that 
the circulation under the conditions is not so rapid and complete as 
during normal life. 

‘The results of these experiments may now be summed up. They 
show that, under suitable conditions, the occurrence of active 
contractions in an excised muscle is not accompanied by an 
increase in the rate at which COQ, is yielded by the muscle. 
The conditions are fulfilled when the stimulation causing contraction 
is not so severe as to produce marked fatigue and permanent 
shortening, and when it is applied during an early survival period. 

Stimulation during a late period may cause a rise in the rate of 
CO, discharge, even though the contractions evolved are much feebler 
than previous ones not accompanied by a rise. — 
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Finally, it has been shown by following the course of survival 
respiration after periods of activity, that the rise associated with | 
fatiguing or late stimulation is not a temporary oné but has the 
prolonged character already described as of the 
of natural rigor mortis. 


Our knowledge of the excretion by muscular tissues of simple 
carbon-containing bodies, has been derived from observations of very 
different kinds. Of these, one class includes investigations of the 
- earbon dioxide gas yielded freely as such by muscles exposed to an 
innocuous atmosphere, while a second and larger class contains the 
estimations which have been made of the carbon dioxide obtainable 
either by artificial devices directly from the muscle substance itself, or 
indirectly from the muscle by éxamination of the blood which has 
passed through it. | 

The results of experiments of the first class have already been 
discussed. The second class contains experiments whose results depend 
on analyses 

(a) of the gases obtained artificially from muscles under varying 
conditions, 

(b) of the blood enteving and leaving muscles at different times, 

(c) of the gaseous exchanges at the lungs during varying conditions ~ 
- of bodily activity. 

It is well known that the results of all three groups have indicated 
that the special carbon excreta are largely increased as the result of 
muscle contraction. The methods which have been employed are too 
well known to need more than the briefest mention. They may be 
noticed under the three groups. 

(a) Hermann’ found that the CO, obtainable by the air-pump 
from a muscle was increased by tetanisation. This experiment and 
the conclusion from it that the extra CO, yielded to the air-pump was 
due to the act of contraction as such, is subject to the same objection 
as that already applied to the experiments by Hermann on the 
relation of tetanus to the ‘muscle-respiration. For the tetanus 
induced at intervals during an hour may also in this series of 
experiments have given rise to fatigue-rigor. The same observer has 
shown that a muscle undergoing rigor yields to the pump additional 
free CO,, and it seems very probable, in the absence of special 


op. cit, p. 116. 
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precautions, that during the hour’s tetanus the muscle should have 
passed into the condition in which, as my own experiments have shown, 
fatigue effectfs associated with an increased production of 

(6) Ludwig, with Sczelkow' (1862) found the venous blood 
coming from a group of muscles in the dog, stimulated to contraction 
within the living body, yielded more CO, when analysed by the aid 
of Ludwig’s blood-pump than that flowing from the same group of 
muscles at rest. The results, however, were variable, and the rate of 
blood current difficult to control. The ratio (Q) of the CO, yielded 
to the oxygen absorbed, was usually, found to be increased during 
contraction. This was followed by the experiments of Ludwig and 
Schmidt* (1868), upon the changes produced in blood artificially 
circulated through excised muscles. It was found that the blood 
circulating through the muscle received in most cases a greater 
addition of CO, during activity than during rest; but this result was 
not invariable and in several instances the opposite held true, an actual 
diminution of CO, being determined in the blood during a period of 
activity or of exhaustion. The quotient, Q, moreover, did not vary in 
a constant direction when the muscle was stimulated. 

The later experiments of Minot? (1877), in Ludwig’s laboratory, 
depended on a similar method of artificial circulation, in which the 
fluid employed was serum (prepared from the same animal), The 
increase of CO, in the serum leaving the muscles was found to have — 
no relation whatever to the conditions of rest or activity. Minot 
concluded that CO, is not one of the decomposition products formed 
within the muscle substance during contraction, and that the dis- 
crepancy between that conclusion and those reached by other observers 
(Hermann ‘, etc.), could only be explained on the assumption that the 
chemical accompaniments of contraction are different in a living muscle 
from those in a muscle removed from the body. 

More recently Max von Frey and Gruber’ (1885), have described 
and used an elaborate method for the artificial circulation of blood 
through an isolated muscle of the dog, and for the estimation of the 
changes produced in the blood during circulation. They found that, in 
general, the occurrence of contractions in the muscle was accompanied 
by an increase in the CO, added to the blood, but that this increase 


1 Sitzungsber. d. k. Akad. Wien, xiv. 1862. 

2 Ludwig's Arbeiten, Leipzig, 1868. 

3 Ludwig's Arbeiten, Leipzig, 1877. op. eit. 
5 Archiv f. Anat. u. Phys. 1885. 
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was very variable, and not very striking (ranging from 46 per cent. _ 
to 10 per cent.). The increase of CO, was found in many cases to 
be less than the corresponding absorption of oxygen, so that Q became 
lowered during contraction. The highest value of Q was 1:12, the 
lowest ‘72. 

Chauveau Kaufmann’? (1887) found that blood 
through the levator of the horse’s upper lip gained more CO, during 
activity than in rest, the output of CO, containing more combined 


oxygen than that absorbed at the same time. 


The results then of analyses of the fluids circulating through 
muscles within the body, or isolated under conditions as normal as 
possible, have led to very varied conclusions. The increase of CO, due 
to contraction has been usually, but not always, found when blood has 
been circulated, and did not appear at all when serum was used. The 
respiratory quotient was said to be increased during contraction by 
Ludwig and Sczelkow’ and others, to give no constant variation for 
activity, by Ludwegi@and Schmidt’, and to be diminished during 
contraction, by von Brey ‘, 

(c) The last class of investigations, on the other hand, in which 
determinations have been made of the changes produced in the gas — 
exchanges at the lungs during periods of muscular activity, have 
yielded very constant results, A large number of observers (Regnault 
and Reiset® (21), Pettenkofer and Voit (23), Zuntz’, Ed. Smith’, 
Schnyder® (25) etc.) have found the CO, discharged from the lungs 
to be markedly increased during and just after periods of muscular 
exercise. The respiratory quotient is also raised during muscular 
activity. 


From the foregoing it will be seen that the study of the alleged 


outburst of CO, within a muscle during the act of contraction has 
established three very different grades of evidence upon the point. 
There is a unanimity of opinion that the blood reaching the lungs 
contains an increased amount of CO, during muscular exercise when 
the body is intact. There is evidence, but evidence which is inconstant 
and conflicting, that the blood leaving a group of muscles contains 


1 Comptes Rendus de lV’ Acad. frang. 1887. 

2 op. cit. 3 op. cit. + op. cit. 
5 Ann. de Chimie et de Physique 1849. 

® Sitzungsber. der k. bayer, Akad. d. Wiss. zu Miinchen 1866, 

7 This Journal, 1890, 8 Phil. Trans. 1859. 

9 Zeitschr. f. Biologie 1896. 
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more CO, shes the muscles contract than during rest. And lastly 

while ‘there is evidence that the air-pump can extract from an excised 
muscle of a cold-blooded animal more CO, after contraction than before 
it, and also that such an excised muscle can spontaneously yield to the 
atmosphere additional amounts of CO, during contraction, both these 
statements can be readily explained under the experimental conditions 

described, as the result of confusion between the allied processes of — 
contraction and rigor mortis. 

The results of my own experiments have shown that the unaided 
discharge of CO, from freshly excised muscle is not increased during 
contraction within fatigue limits. If this be the case it must be argued 
either that CO, is produced as such during the act of contraction, but 
that it is held in some kind of chemical combination by fixing substances 
within the muscle, or else that the chemical decomposition accompanying 
contraction does not advance so far as the formation of the simple 
molecule of CO,. The former alternative is not easily tenable if we 
consider that since CO, is continually being produced within a muscle 
during survival periods, the bodies capable of ‘fixing’ the CO, of 
contraction ‘should be satisfied before contraction can begin. No evi- 
dence moreover of the presence of such CO, fixatives is found in 
connection with the action of poisons on the survival respiration. 

Taking the second alternative, the act of contraction which has been 
shown on so many grounds to resemble in its chemical accompaniments 
the process of rigor mortis, must be regarded as differing from that in 
this respect,—that while in both processes complex molecules are 
replaced by simpler ones, the splitting decomposition in the case of 
rigor goes at least one stage further than that associated with con- 

| traction, and has for one of its products free CO,. Such a relation as 
, this has been indicated as the true one in all the experiments I have 
myself made upon the relation of contraction to the survival respiration, 
and is perfectly compatible with all the experimental results if not with 
the theoretical conclusions of the investigations upon the same subject 
in the past, 

This hypothesis is not violated by the results of the other and more 
indirect methods for determining the relation of contraction to free CO, 
formation. For while we may suppose the chemical processes during 
contraction to result in bodies more complex than CO,, free CO, might 
be derived from these products of activity either by the air-pump or 
through an exchange between them and the blood. The results obtained 
by means of the air-pump are not yet free from the possible confusion 
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between contraction and rigor which would beg the question at issue. 
The class of experiments on the other hand, based upon analyses of the 
blood circulating through muscle, does not suffer from this objection 
since fatigue and the hastening of rigor are probably prevented by the 
supply of nutriment. 

If it be true that after contraction the muscle substance is im- 
pregnated with an additional quantity of free CO, for the removal of 
which the blood is the passive vehicle, the irregularities of the ob- 
servations which have been made in the past remain unaccountable. 
In nearly all the experiments on artificial circulation a greater or less 
degree of failure to obtain evidence of such simple removal of free CO, 
by the blood has been met with. Ludwig and Sczelkow could only 
occasionally obtain an increase in the venous blood after contraction, 


_ von Frey found the increase very variable, and Minot (using serum, it 


is interesting to note, instead of blood), denied that such an increase 
occurred at all. 

If, on the other hand, the blood in reaching a recently active muscle ~ 
is not supplied directly with free CO, due to the contractions but is set 
the definite task of obtaining it from some product of contraction which 
holds it in combination, it is easy to understand that blood tampered 
with by artificial conditions of circulation is not always an efficient 
medium for the removal, or that transfused serum should fail to obtain 
additional CO, from the active muscle altogether. Where the conditions 


are all normal, on the other hand, as in the intact body, no such 
: discrepancies i in observation should occur, and, as a matter of fact, the 


results of analyses of the CO, excreted at the lungs during rest and 
activity have been very uniform. — 

Von Frey* was so struck by the irregularity of his own artificial 
circulation results, and by the fact that, according to them, Q diminished 


_ during contraction instead of increasing’as the observers of the general 


excreta have agreed, that he has suggested that some of the products of © 
contraction within the muscle, destined to'split further and to yield 
CO,, pass to the blood unchanged as bodies of acid character. Gruber, 
with von Frey’, found a very striking increase of sarcolactic acid in the 
blood after contraction, in confirmation of the old observation of Spiro *. 
Von Frey shows that the amounts of lactic acid so yielded in his 
experiments are amply sufficient to account for the CO, which escaped 
his observation, but which would presumably have appeared at the 


© op, eit. 2 op. cit. 
3 Zeitschrift f. phys. Chemie, 1878. 
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lungs in the normal animal, He suggests that the lactic acid formed 


during the course of experiment may not, owing to the artificial 
conditions, be further split up, and may remain stored up either in the 
blood or in the muscle-substance itself. And, going further than this, 
he even points to the possibility that in the intact living animal the 
muscles may not themselves be the seat at which the lactic acid arising 
from them is split up and elaborated. This possibility is one indicated 
also by the observations of Meyer’, who found that the lowering of CO, 
production caused by phosphorus and arsenic poisoning was accompanied 
by an accumulation of laetic acid, especially within the liver. | 
However this may be, it remains clear that the astonishing irre- 
_ gularity of the results of the experiments in which the method of 
artificial circulation has been used, does not agree with the supposition 
that the muscle-substance liberates within itself during contraction a 
quantity of free CO,, which is free independently of some agency within 
the blood or even within some other organ of the body. In the past, 
however, that supposition has always had the support of the peculiarly 
direct evidence which the phenomena of survival respiration can supply. 
Minot? indeed, who was hostile to the supposition, felt the weight of 


this evidence so much that he postulated some essential difference in 
kind between a muscle in the body and one freshly excised. It has 


been shown, however, that the evidence from the survival respiration of 
muscle in the past has not been free from one obvious source of 


confusion, and that my own experiments by a new method have given | 


results entirely opposed to the occurrence of a special production of 
free CO, within the muscle-substance during normal contraction. 


Part IV. THE PHENOMENA OF WATER-RIGOR. 


A muscle plunged into distilled water rapidly loses its irritability, 
and after preliminary localised twitchings apparent on its surface, 
becomes stiffened and turgid. The nature of this so-called ‘ water- 
rigor’ is still obscure. Du Bois Reymond® (1859) found a muscle 
treated with distilled water to be clotted and acid within a very short 
time, and this water-rigor has been very usually classed with the 
condition of rigor produced by heat, or by chloroform. But Biedermann‘ 


1 Arch. f. exp. Path. u. Pharmakol. Bd. xvu. 2 op. cit. 
5 Monatsbericht der Berliner Akad, 1859. 
4 Sitzungsber. der Wiener Akad, 
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(1885) has shown that the electromotive phenomena of water-clotted 
muscle are not at all comparable with those of true rigor, since the 
difference of potential between a normal and a water-clotted part of the — 
same muscle was insignificant. He concluded that the condition of 
water-rigor could not be attributed to any chemical change in the 
muscle-substance of the same kind as that characteristic of rigor mortis 
or of heat or chloroform rigor. . It is said indeed that the irritability of 
a water-clotted muscle may be recalled upon simple dehydration with 
strong NaCl solution. 

In view of the stimulation by water-clotted muscle of some but not 
of all the phenomena of true rigor, it becomes interesting to determine 
the relations of water-rigor to the survival output of CO,. Hermann’ 
showed that the CO, yield was slightly greater in water-clotted than 
in fresh irritable muscle and upon this has been based the common 
view that water-rigor, like heat-rigor, is characterised by a large 
discharge of CO,, 

In Hermann’s experiments the muscle preparation was left all 
night in distilled water, and was subsequently placed in the analysis 
tube for 21 hours. A similar control preparation had been placed 
during the night in normal salt solution and was observed in the same 
way and for the same long period. The object was to show that the 
oxygen absorption was nearly equal in each case. So 
far as the yield of CO, was concerned the experiment 
affords no basis for definite statement. The control 


rigor during the observation, while the water-clotted 
muscle was under examination only during a period 
subsequent to the completion of the clotting process. 
And since the temperature during the experiment 
was 21°—22°C. it is probable that the initial stage 
of bacterial putrefaction had begun in each case. 

I have used for my experiments a tubular ex- 
periment chamber nearly twice as long as was 
necessary for the inclusion of the muscle prepara- 
tions (see Fig. 42). The other length was filled at the 
beginning of the experiment with distilled water. a 
The production of water-rigor could be obtained at 
any moment by tilting the tube so as to immerse 
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the muscle substance in the water. During the whole time of immersion 
the air current, if desired, could be maintained and the estimations 
- continued. A similar muscle preparation in another similarly arranged 
tube was observed at the same time for control. The results showed 
that no additional output of CO, accompanies the action of 
distilled water upon muscle substance; the normal course of 
survival discharge was not affected during the destruction of the 
muscle’s irritability by the water, and the onset of the turgescence. 

In some other experiments the muscle preparation was removed 
_ from the experiment chamber when the course of survival discharge 
had been followed for 90 minutes and placed in a large bulk of distilled 


water. After 5 minutes the turgid muscle was replaced in the chamber ~ 


and the observations resumed. In no case was evidence obtained of an 
increase in rate of CO, discharge. A subsequent dose of chloroform 
vapour produced in these cases the usual elevation in the discharge 
curve. 
The absence of any special production of CO, by a muscle during its 
stiffening in distilled water supplies another fundamental distinction 
between this stiffening and the clotting occurring spontaneously in 
excised muscle, or that. due to other poisons. That the water-clotted 
muscle exhibits the same rate of survival CO, discharge as fresh irritable 
muscle, affords a parallel to the fact that the electromotive phenomena 
in the two cases are also identical, and gives the strongest confirmation 
to the opinion based by Biedermann upon that circumstance with 
regard to the non-chemical nature of the shortening and stiffening of 
the muscle fibres which distilled water produces. — 


Part V. THE EFFECTS OF HEAT ON THE CO, DISCHARGE. 


Hermann! (1867) found that on heating an excised frog’s muscle 
to 40° C.,a production of CO, took place as the muscle rapidly clotted, 
removable by the air-pump without the. addition of acid. The same — 
observer found that muscle plunged rapidly into water at {&mperatures 
from 70°C. upwards not only did not lose any gases but actually 
entered a condition in which future rigor was impossible. The sub- 
stance which suffers decomposition in rigor was said to be ‘fixed,’ so 
that the ‘scalded’ muscle was regarded as containing the same amounts 
of gases as freshly excised muscle, but to be incapable of subsequently 


1 op. cit. 
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entering heat-rigor at 40°C. For the process of heat-rigor then there 
are, on these statements, minimum, optimum and maximum tempera- 
tures of 0°C., about 40°C., and about 70°C. respectively; and some 
writers have compared the process for this reason with ferment 
action. 

The well-known of Pfliiger and Stintzing’ (1878) 
showed however that mammalian muscle subjected for some hours to a 
temperature of 100° C. yielded 100 volumes per cent. of CO, to a current 
of air passing over it, and that the amount of yield was not diminished 
if the muscle had been previously acidified (and afterwards washed) 
for a long time at 0°C. The yield was accordingly due to real de- 
structive decomposition and was not due to the liberation of preformed 
CO, The CO, arose from the same substance as that concerned in the 
| cheiniced processes of contraction and rigor, since previous activity or — 
rigidity might reduce the maximum 100 vols. CO, per cent. of muscle 
used to 20 or 30 vols. per cent. A previous subjection of the muscle 
for instance to a temperature of 40° for 22 hours lowered this yield to 
30 per cent. 

Nasse? (1879) attempted to explain the senteedictinn: and the failure 
of Hermann to find the yield of CO, at 100°C., by suggesting a double 
origin for the CO, One of the processes leading to the production of 
CO, he imagined to have its optimum near 40°C. and to be inhibited — 
permanently at 70°C., while the second was active proportionately with 
advances of temperature from 0° C. to 100°C. There appears to be at 
present no evidence on which to base such a hypothesis. 

Tissot’ (1894) has more recently estimated the CO, output from 
muscles heated to different degrees in order to support his view that 
the CO, yielded has no relation to the physiological condition of the 
excised muscle (see p. 24). The CO, discharged was found to be greater 
in a muscle as the temperature was higher, within the observed limits, 
although the ‘vitality’ of the muscle should decline with the rise of 
temperature at least above 40°C. So far as the experiments bear on 
the present point their results are quantitatively valueless. The 
figures given are very variable, and in one series of observations the 
higher temperatures are found to give less CO, than the lower. This 
discrepancy is explained by the author himself as due to the fact that 
in some cases the heating took place during the collection of gases, — 
while in others it was completed beforehand. : 


1 Pfliiger’s Archiv, 1878. 2 Hermann’s Handbuch. 3 op. cit. 
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The incompleteness of our knowledge of the effects of heat on the 
discharge of CO, has resulted in conflicting statements in modern text- 
books. In one account’, combining the results already given, the 
discharge is said to be large at 40°C., to be absent on rapid submission 
to 70°C., at which temperature the material providing the CO, is 
‘fixed’ so that a later application of 40°C. is without effect; and lastly 
to be at a maximum at 100°C. In another’, a muscle a into 
_ boiling water is said to discharge no CO, whatever. 

I have made some experiments on the effect of these higher tempera- 
tures upon the survival respiration of excised frog’s muscle, which have 
been undertaken so far with the object of testing the value of the 
method of estimation I have described, in this direction. The muscle 
in the experiment chamber is heated by means of water in which the 
whole chamber is plunged. Since the experiment chamber is only — 
connected with the potash tower and moistening arrangements on one 
hand, and the absorption chambers on the other, by means of flexible 
tubing, the heating can be managed very simply and effectually. The 
experiment chamber has always been tubular, to contain two legs in 
series, and has been made of the thinnest glass practicable, so that any 
temperature change in the surrounding water it rapidly communicated 
to the muscle (cf. Fig. 3, above). The entrance tube for the air current 
runs down if desired as a coil, through the water, to open at the lower 
end of the chamber. In this way the air-current is also warmed to the 
given degree before it reaches the muscle. For the higher temperatures 
a simple condensing arrangement is necessary at the beginning of the 
exit tube leaving the upper end of the experiment chamber. 

One of the greatest advantages of the volumetric method of estima- 
tion already described is in the fact that any alteration in the tempera- 
ture of the muscle examined does not affect the accuracy of the 
determination made of the evolved gas, as it would without special and 
elaborate precautions where the eudiometric method is employed. And 
it may be noticed as an additional advantage that owing to the 
reduplication of the absorption chambers comparative and simultaneous 
observations may be made on ‘crossed’ pairs of muscle preparations 
(see p, 43 above) at the same or different temperatures. By the same 
reduplication, moreover, the extremely important advantage is secured 
of being able to follow the changes in CO, output succeeding as well as 
those accompanying the application of a given temperature. 

1 Waller, Human Physiology, London, 1898, p. 188. 
2 Stewart, Manual of Physiology, London, 1895, p. 516. 
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The results I have already obtained are chiefly concerned with the 
CO, output caused by the heat rigor at 38°—40°C., and with the 
alleged ‘fixing’ effect of higher temperatures. To save space, full 
protocols of each experiment have not been given. The diagrams are 


more expressive and contain exactly the same information. 


¢.c. CO, per 30 mins, 


4 
19° 41° 40°c. 40°¢ 
Hours 1 2 4 5 8 
Fig. 48. OO, discharge from muscle at 40°C. ts 
If the muscle soon after excision be raised to 40° C. an immediate 


rise in CO, output is seen (Fig. 43). The rate of output is, on the 
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average, rather more than trebled. From this rate, however, while the 
muscle is still maintained at 40°C., a rapid decline occurs until in the 
course of 3—4 hours it has fallen to a very low level. This low level 
may be taken as virtually zero. On cooling after this to 15°—20° C. the 
rate of output is nil, and the muscle, in the absence of putrefaction, has 
lost all power of producing CO, either spontaneously or under the 
influence of such irritants as chloroform (see p. 52). 

The decomposition yielding CO, in heat-rigor is then both in- 
stantaneously produced and rapidly completed at 40°C. An average of 
four experiments in each of which the whole amount of CO, yielded at 


- 


: ec. CO, per 30 mins, 


‘10F 


17° 257 BOT BS? HO" 140° 50" BO" | 20° 


Hours 2 3 6 8 
| Fig. 44. CO, discharge from muscle at high temperatures. 
40° C. for three hours was collected by one absorption, showed the yield 


to be approximately 30 per cent. by volume of the muscle used. 
When the muscle is more gradually heated to 40°C. the rate of © 
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discharge rises very strikingly in proportion with the rise of temperature 
until the passage from 35°—40° C. occurs (see Fig. 44). Here a slightly 
disproportionate rise in rate is found. The result however of such a 
gradual approach to the degree of heat rigor is that the rate of dis- 


charge when 40°C. is reached is always less than that found on the 


sudden rise ‘to 40°C. In the same experiment it is seen that a rise 
from 40° C. to 50°C. after the first maximum was reached, only delayed 
the decline in rate but did not produce a rate above that due to 40° C. 
in the first instance. 


T T T 


c.c. CO, per 30 mins. 


| 40% 40°! 50 sar bet 


8 4 6 
Fig. 45. CO, discharge from muscle at high temperatures. 


The effect of such subsequent heating after the 40° effect is better 
shown at Fig. 45. Here, in spite of the advance to 45°, 50° and 56°C., 
the rate of output declined persistently. This result has been quite | 
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uniformly obtained in these experiments when the application of 40° C. 
has been long enough to complete the rigor changes (unlike the example 
at Fig. 44). When 65° C. is reached, however, the rate rises, and again 
for the rise to 75° C. and to 90° C. 

The detailed course and the meaning of this rise after complete 
rigor, for these later increments of temperature, have still to be worked 
out. It may be possible to express them simply in terms of the 
diminished solubility of CO, at higher temperatures, while they have 
also perhaps to be associated with definite chemical changes during the 
coagulation at certain degrees of temperature of different constituent 
proteids of the muscle substance. | 

For the present however it is clear that the definite chemical change 
associated with ‘rigidity and yielding CO, for temperatures between 35° 
and 40° C. is the most conspicuous event beyond all comparison occurring 
in the muscle as the temperature rises from 20°—100°C. | 

When the muscle is heated in the first instance to one of the higher 
temperatures an immediate yield of CO, occurs, associated with imme- 
diate rigor. The effect is precisely of the same kind as that due to the 
temperatures between 38° and 42° but is more rapid and intense. In 
Fig. 46, the muscle was raised to 70°; it shows a rate of output com- 
parable with that of Fig. 43, but larger than the control preparation 
heated at the same time only to 40°C. Three hours after (the muscle 
having cooled) the temperature was raised to 40° C., from which resulted 
a rise in output quite insignificant as compared with the heat-rigor 
effect, and probably only dependent on the decreased solubility due to 
the rise of temperature, of the CQO, already liberated, which the 
diagram shows had not completely escaped. . 

When the experiment chamber is plunged into boiling water, the 
same result, intensified, is again obtained (Fig. 47). In this case the 
application of boiling water for a second time just after cooling produced 
a rate of discharge only equal to about a third of that due to the first 
application (which only lasted 20 minutes). 

Summing up briefly the results of which I can so far speak positively, 
the effect of heat upon survival respiration depends for its most marked 
phenomena on the heat rigor which is produced at 38°—40° C. or by 
any temperature above that. This heat rigor is accompanied by a large 
outburst of CO, amounting (speaking roughly for the present) to about 
30 per cent. by volume of the muscle substance at 40°C. and at atmo- 
spheric pressure. An exactly similar outburst is caused on the application 
of any temperature above 40°, and its magnitude, though rising with — 
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the temperature producing it, does not do so proportionately. That it — 
rises with the temperature is certainly to be partly explained in terms 
Rl 
| “65 4 
ash 
25} = 
i 
Fig. 46. CO, discharge from muscle at a 
high temperatures, The escapes 
from two le preparations differ- 
ently heated are shown r Oar 
Fig. 47. CO, discharge from 
_ muscle at high temperatures. 
of the solubility of CO, and is probably also due to the fact that the 
rigor caused by higher temperatures is more sudden and the initial rise 
of rate of CO, output more rapidly at its maximum than when lower 
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temperatures, above 40°C., are applied. It is entirely untrue that a 
muscle plunged into boiling water does not yield CO,. The application 
of boiling water is, on the contrary, the readiest method for rapidly 
obtaining a maximum CO, discharge from an excised muscle. It is 
true at the same time that to boil a muscle for a short time and then to 
cool it is, in virtue of the rapidity and completeness of this discharge, 
the quickest way of obtaining a muscle which shall have lost all power 
of the spontaneous production of CO,. No evidence of any kind has 
been found to support the alleged ‘fixing’ effect at 70°C. A muscle — 
placed in water at this temperature undergoes extremely rapid clotting 
and yields a large quantity of CO,, which appears more rapidly and at a 
greater initial rate than the discharge due to 40°C., but the total 
amount of which is only slightly greater than that occurring at this 
lower temperature. A muscle having undergone heat rigor at 70°C. is 
of course unable to exhibit the same phenomena again when subse- 
quently heated to 40°C. The results of all the experiments have 
shown that the effects produced at any temperature (above 
40°C.) include all the effects which might have been pro- 
duced at a lower temperature. 

The rapidity with which the discharge of CO, during the onset of 

heat rigor appears, reaches its maximum, and declines, provides an 
explanation of the variable results obtained by Tissot’. He found no 
constant relation between the CO, output from muscle and the degree 
of temperature at which it had been caused, unless the heating was 
conducted whilst the muscle was in the collecting tube. It is obvious 
that in his other series of experiments, in which the heating operation 
was concluded before the muscle was arranged for analysis, the special 
CO, discharge must in nearly all cases have escaped his observation. 
_ I have obtained results similar to those of the very important 
experiments of Hermann* by which he showed that the chemical 
processes of both contraction and rigor draw upon one and the same 
store of material. Tetanus of the muscle previous to excision has 
always markedly diminished the yield of CO, obtained during heat 
rigor. The following is a typical experiment. 7 

Of two frogs (brains destroyed, circulation intact), the right leg of 
each was strongly tetanised by stimulation of the right lumbar plexus, 
at intervals, for 20 minutes. The two right legs were then excised and _ 
arranged in one experiment chamber (A) the two left legs together in a 


* op. cit. 2 op. cit. 
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second (B). The course of survival respiration of each crossed pair was 
then followed. | 


the first half-hour, 


the rate of discharge from A was ‘19c.c. CO, per $ hour. 


During the second half-hour, both chambers were immersed in water 
kept at 42°C.; when 


the rate of discharge from A was ‘40.c.c. CO, per 4 hour (fatigued)... 


The heat-rigor discharge is also diminished in proportion as natural 
rigor, giving the ‘ plateau’ of CO, production in the natural curve, has 
proceeded. Of two ‘crossed’ pairs of legs, A and B, A during the 
second hour after excision yielded in half-an-hour at 42°C. °65 c,c. CO,. 
B during the 16th hour after excision, when the rigor plateau had been 
entered upon for 10 hours, yielded in half-an-hour at 42°C. 38 c.c. CO, 
In a similar comparison one ‘crossed’ pair during the second hour after 
excision yielded in half-an-hour at 42°C. ‘61 ec. CO,. The other 
exactly similar pair during the 10th hour after excision yielded in half-— 
an-hour at 42°C. CO,. 

It has been similarly shown that the rise of the survival rate of 
discharge caused by chloroform vapour (§ 6 above) is due to a demand 
made on the same material as that breaking down in heat-rigor. By 
shorter or longer application of chloroform the yield of CO, during 
subsequent heat-rigor may be less or more markedly diminished. And 
a muscle, on the other hand, which has undergone heat-rigor, is entirely 
unaffected so far as its output of CO, is concerned by the vapour of 
chloroform in any dose applied subsequently. 

I have not yet investigated the changes in rate of CO, output which 
might be expected to accompany the coagulation of the constituents of 
the muscle occurring at definite degrees of temperature between 40° C. 
and 100°C. For such an investigation the method described appears 
admirably suited, but for the statement of any results in which the 
coagulation effects are clearly distinguished from one another if they 
exist, and from the effects of heat-rigor, many more experiments are 


required, 
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APPENDIX A. 


Tissot! has published the account of some observations on the 
excitability of rigid muscles, which are connected with some points 
already noticed in this paper. He has found that rigid muscles both of 
Mammalia and of the frog may be excitable by electrical, chemical, and 
mechanical stimuli. His experiments show that after the appearance 
of general stiffness in a muscle, irritability to stimuli may still be 
shown by more or less badly marked contraction responses. In the 
experiments described the only criterion of the fact that the muscle in 
all its parts had undergone rigor, was the initial appearance of general 
stiffness. As they stand therefore, it may be contended, they only 
illustrate the fact that the various parts of a muscle undergo rigor 
at different times and that the onset of rigor takes place in progressive 
stages. They hardly support the author's conclusion “that cadaveric 
rigidity is not a phenomenon incompatible with the life of the muscles 
and that its appearance is not a proof of their death,” if by rigidity 
is meant rigor complete in all its stages. Upon our present knowledge, 
the completion of ‘rigor’ coincides with the completion of the 
destructive decomposition of the material on which the occurrence 
of contraction depends. 

One of the chemical isritants used in these experiments was 
chloroform, and the results obtained by its means are interesting in 
relation to the effects of chloroform upon the survival respiration of 
muscle described at §6 above. Tissot found that the effect of the 
application of chloroform vapour to an excised muscle increased after 
death (i.e. excision). He gives curves illustrating the prolonged con- 
traction or permanent shortening caused by this poison. The same 
dose which produces an almost imperceptible shortening in a fresh 
muscle, causes a very marked shortening at the time when rigor is 
_ beginning. This effect declines in intensity as the rigor proceeds. 
Such results as these harmonise with the effects of the vapour upon ‘ 
the survival respiration which I have described. A small dose of 
chloroform was found to depress the rate of CO, discharge from a 
freshly excised muscle, but to increase it when applied at a later 
survival period. The effect diminished as the rigor ‘plateau’ ap- 
proached its completion, and eventually the strongest doses of chloroform 
were without effect. The circumstance that chloroform should have 


1 op. cit. 
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such a slight irritating effect upon fresh muscle is possibly to be 
explained as due to the counterbalancing tendency already referred to 
as its ‘anssthetic’ effect during the earliest survival periods. 


APPENDIX B. Protocols. 


It has not been thought necessary to give the experimental details 
of all the observations which have been.described. Full protocols are 
here appended in the case of four of the experiments, from which the 
diagrams have been derived. They provide examples of successive 
estimations by use of one aspirator and absorption chamber, of com- 
parative estimations where both aspirators and chambers are used, 
and of the method of continuous estimation by the use of one 
aspirator, and of both absorption chambers alternately. They also 
contain the methods of investigating the action of poisons, in the form 
of vapour or solution, upon the rate of CO, discharge. 

The other diagrams, not represented here, have been constructed 
according to the method described, and fully express the result and 
duration of each period of estimation as well as the number of esti- 
mations made; they exhibit more graphically than a row of figures the 
course followed by the rate of survival discharge. 

Experment I. (Fig. 4.) Frog killed 11.30 a.m. and hung from feet for bleeding. 
Legs excised and arranged in simple tubular chamber. Chamber air-tight 11.50. 
Volume of empty chamber 15c¢.c, Current started through resistance bottles at 11.50. 


Switched to absorption chamber B at 12 noon. Temperature 15°C. All absorptions in 
this experiment in chamber B, 


Vol. of Rate of CO, 


Time, COxg absorbed. for 120 ¢.c, per hour.) 4 hour, 

p.m. 12,0 —12.30 "26 ee, *26 
12.87— 1.12 21 18 
1,26— 1.52 14 53 16 
2,32— 3.12 19 14 
3.30— 4.40 31 148 "18 
4.55— 5.35 79 
§.48— 6.14 21 61 20 
6.25— 7.5 "23 ~ 0 17 
7.15— 8.1 "25 92 16 
8. 9.47 "B5 135 16 
10,2 —10,22 12 40 ‘18 
10.30—10.30 a.m. 2°88 1430 ‘12 
p-m. 12,80— 1.0 10 59 “10 
2,31— 3.6 12 70 10 
4.0 — 5.0 16 122 “08 
6.80— 7.15 ‘ll 88 07 
8.30— 9.0 ‘10 60 10 
10.0 —10.20 14 41 21 
11.5 —11.25 22 40 33 


Discontinued. Distinct slight smell of putrefaction on removing the muscle pre- 
paration. | 
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SURVIVAL RESPIRATION. 


Exeermment 54, (Fig. 18.) Two frogs killed 10.55 a.m. Legs arranged in ‘ crossed 
pairs’ in two simple tubular chambers A and B. Chambers air-tight and current started 
at 11.5. Nitrogen furnace (see Fig. 17) had been heated from 9.30 and current had been 
drawn by accessory aspirator since that time through chamber A and its moistening 
chamber. 

Both experiment chambers A and B immersed in cool water kept at 15°—17° C. during 
whole experiment. Room temperature 21°—23° 0. Current through A passed to absorption 
chamber A, that through B to absorption chamber B, during periods of determination. 


ie (in nitrogen current). bi (control in air current). 

Time. Aspirator. per $ hour. Aspirator. per 4 hour. 

a.m. 11,29—11.49 40 c.c c.c. 
p.m. 12.5 —12.30 50 14 50 19 
12,45— 1.10 50 13 50 ‘17 
1,40— 2.30 99 12 101 ‘13 
2.47— 3.17 59 ‘ll 59 12 
3,30— 4.0 60 11 60 11 
4.15— 4,45 59 “08. 60 ll 
5.0 — 6,11 142 07 145 11 
6.30— 7.25 110 07 110 10 
10,7 —10.37 59 08 60 10 
Discontinued. 


ExpERIMENT 88. (Fig. 23.) Frog killed 11.25 a.m, Legs in chamber, air-tight and 
current started 11.40 a.m. Absorption chambers A and B used alternately. Temperature 


17°C. 
a.m. 11,50—12,.10 p.m. (in A 39 c.c. ‘19 
p.m, 12.17—12.32 08 c.c. (in B 32 "16 


Chloroform vapour passed over muscle from 12.27—12.32, by switching current over 
chloroform tube arranged between moistening chamber and re chamber. 


p-m. 12,32—12.47 09 (in A 30 c.c. 18 c.c. 
12,47— 1,2 ‘12-(in B 30 
1.2 — 1.17 “125 (in A 31 
1.17— 1.32 ‘12 (in B 31 “24 
3,30— 3.50 "16 (in B 40 “24 
6.8 — 6.28 ‘14 (in B 40 21 
Discontinued. 


Expertment 67. (Fig. 28.) A -05 per cent. solution of lactic acid in 8 per cent. NaCl 


solution, arranged in chamber (see Fig. 42). Legs of exceptionally large frog, fresh caught 
in and current started 3.10 p.m. Temperature C, 


Time. CO, absorbed. 
p.m. 12.50—1.5 30 
2.30—2.45 12 30 24 
4.18—4,33 ‘ll 30 : 22 
| 4,45—5,25 28 80 21 
At 5.25 chamber tilted so that muscle immersed in acid. Flow of current uninterrupted. 
6.20—6. 40 16 40 24 


Discontinued. 
The initial rate from this muscle preparation is the highest I have observed. 


7—2 


4 
fF. 
> 
af 
AN 
vg 
‘Cal 
4 
ty 
4 
~ 
4 


ELECTROMOTIVE CHANGES IN THE PHRENIC - 
NERVE. A METHOD OF INVESTIGATING THE 
ACTION OF THE RESPIRATORY CENTRE. By 
J. S. MACDONALD, Demonstrator, anp E. WAYMOUTH 
REID, Professor of Physiology in University College, Dundee, N.B. 
(Nine Figures in Text.) 


Preliminary communication. 


THE research was undertaken with a view to the examination of 
electromotive changes in mammalian nerve, the result of true nervous 
impulses propagated along them, but generated in the central nervous 
system. 

From the outset the desirability of obtaining graphic records was 


realised, and ultimately the exact measurement of such changes as 


might be observed. It was probable that accurate records would alone 
be useful in the determination of, (a) the correct grouping and individual 
characters of single constituent changes, (b) the more easily obtained 
times and quantities and relation to one another of the complex tetanic 
series into which they might be expected to fall. Not only this, but it 
was also felt that rigid methods of observation could alone make certain 


_ of the real physiological nature of any single phenomenon obtained. 


Finally it was hoped that a moderate measure of success in the 
accomplishment of this might lead to the acquisition of a direct experi- 
mental method for inquiry into the action of a nerve centre. Direct, in 
the sense that the action of drugs or of alterations in blood and blood 
supply or of conditions transmitted from other portions of ‘the nervous 
apparatus might be investigated, without considering any further tissue 
change than that in the nerve fibres directly arising from the centre. 

Although the tabulation of possible electromotive changes in 
artificially excited amphibian nerve has been carried to a degree of 
nicety; even in such nerve, the changes accompanying impulses, or 
of groups of impulses started in nerve cells have not been observed 
and recorded with the same amount of success. 


; 
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In electrical fishes the character of centrally developed impulses 
is better understood. 

- The observation of electromotive changes in mammalian peripheral 
nerve has not been attended with any large proportion of result, not 
even such changes as accompany impulses started by artificial excitation 
of the nerve itself. Changes accompanying discharges provoked by © 
_ stimulation of the central nervous system have been noticed only under 
extreme experimental-conditions, and then with little constancy and by 
such means as to leave a true qualitative estimation of their character 
doubtful. | 

Changes due to normally occurring discharges, arising either 
apparently automatically or from reflex causes &., have not been 
observed at all. 

Many obstacles to investigation have been met and recorded by 
previous observers. The susceptibility of the nerve fibres as well as 
of the nerve centres to the action of requisite anesthetics: the 
necessity for and difficulty in preserving an adequate blood circulation 
in the isolated nerve: the presence of abnormal conditions such as 
drying and alterations in temperature: and lastly the possibility that 
in mammalian nerve the intrinsic electromotive changes are small in 
quantity, or being of fair size are masked by special nature of cronevad 
sheaths or connective tissues. 

The nerve chosen for experiment was the phrenic, ssculinlly from 
familiarity with observations of its transmitted effects upon the 
diaphragm gained by assistance in experiments made by Prof. 
Sherrington: partially from an appreciation, then acquired, of its 
advantages. The advantages of the phrenic nerve are several and 
important. 

The information gathered serves as a basis for experiments upon a 
vital centre. 

- The constantly recurring presence in.it of well marked groups of 
nervous impulses leading to rhythmic tetanisation of the diaphragm 
under conditions of deep anesthesia, and, more important still, even 
when the thorax is opened and artificial respiration used. 

The fact that by asphyxiation these can be obtained in a maximal 
condition, the maximum probably much higher than that accompanying 
the greatest possible voluntary effort, and therefore probably much 
greater than the maximal effect produced by artificial stimulation. 

Although the operation necessary for exposure and isolation of the 
nerve is somewhat long, the nerve can be ligatured, divided and isolated 
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in considerable stretches, and yet its blood circulation freely main- 
tained. In our experiments in which the most peripheral portion 
of nerve destined for connection to electrodes is prepared quite cleanly, 
the remaining and larger piece being allowed to retain some of the — 
surrounding connective tissue, this has been often well demonstrated, 
in that a section even of the most peripheral portion of nerve leads 
to a copious hemorrhage. 

Finally not the least advantage is to be derived from the similarity 
in function and long continued paraliolina 1 in course of its constituent 
fibres. 

It was determined to carry out the preliminary experiments upon 
curarised animals, the trachea being opened and artificial respiration 
used. In all cases either chloroform or ether was administered in 
addition and throughout the experiment. The advantage of curare for 
preliminary investigation is obvious, the errors due to movement being 
entirely avoided. 

Having however made sure of the phenomena, we intend to pursue 
a portion at least of our further experiments upon uncurarised animals. 

The first experiments were made upon rabbits anesthetised with — 
ether. Tracheotomy was performed, and a cannula inserted into a vein 
(in first cases a jugular, later a femoral vein) for subsequent curarisation. 

The phrenic was dissected out on one side of the neck, the combined 


trunk traced as far as the pleura and there ligatured and divided, the 


central-end carefully lifted up and isolated from surrounding tissues. 
Threads moistened with normal saline, placed the ligatured end and 
a point about 8 mm. central to this in communication with non- 
polarisable electrodes, and through these directly to a damped Thomson 
galvanometer, and at the same time kept the nerve suspended. The 
demarcation current was neither compensated, nor measured, the spot 
of light being brought to centre of scale by rotation of the control 
magnet. 

The animal was then completely ieiniients artificial respiration 
commenced and proceeded with for 5’, it was then stopped to be 
resumed after an interval varying from 2—5’, continued then for another 
interval, again stopped, and so on through alternate periods of respiration 
and no respiration to a final stoppage, asphyxia, and death. 

In the earlier experiments the spot of light was only watched ; it 
remained apparently quiescent during periods of respiration, but after 
the stoppage of this, gradually increasing small movements were seen. 
The movements were sharp swings in the direction of negative 
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variation, slower returns, following one another with, at first, a regular 
rhythm and increasing in size. In the cases of complete — they 
were seen to become irregular and cease. 

That they were the accompaniments of true respiratory hniineain 
seemed partially demonstrated by their occurrence in a perfectly 
motionless animal; the rhythm of expected nature; the increase in 
quantity, the subsequent irregularity and final cessation; the absolute 
want of correspondence with the cardiac rhythm, the heart still beating 
after phenomena had ceased. 

And this was rendered more conclusive by experiments, in which 
ligature of the nerve central to the electrodes, and by another in which 
section of nerve without displacement, led to a complete and immediate 
cessation of the galvanometric excursions. 

An advance in experimental method was made when photographic 
records of galvanometer movements were taken in the manner initiated 
by Dr Waller. The sensitive paper was carried on a cylinder revolving | 
once in 20’ upon a horizontal axis, and enclosed in a box provided with 
a fine horizontal slit traversed by the excursions of the spot of light. 

Signal marks crossing the paper were obtained by momentary 
complete illuminations of the slit. Fig. 1 is such a record. 


Fig. 1. Cat. Fther. Curare. Single phrenic. A4—B artificial respiration. B—A none. 
B’ final stoppage of respiration and complete asphyxia. Demarcation current towards 
base of tracing. ‘Time 6-6 mm.=1 min. 


Similar results were obtained in rabbits, cats and dogs (small and 
large) differing slightly in quantity and rhythm. 

Repetitions led for convenience sake to the selection of dogs of from 
5—8 kilos for experiment, using only the upper and longer branch of 
the phrenic ligatured and divided at its junction with the trunk-nerve. 
In such animals a piece of nerve 6—8 cms, long can be isolated with 
blood-supply intact. 

So far, though records had been dated of changes accompanying 
maximal respiratory influences, the experimental programme showed 
little promise of fulfilment. ; 

The asphyxial pictures obtained were not without a certain amount 
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of interest and bore evidences of groupings which we hope to discuss in 
a future paper. But it seemed probable that none of the results were 
capable of affecting the capillary electrometer, and it was upon successful 
records obtained with this instrument that all ideas of progression to 
measurement and analysis were based. It was also apparent that owing 
to the inherent irregularities of the asphyxial record there was no 
sufficiently steady portion, which would admit of comparisons being 
made before and after the intravenous nee of drugs or stimulation 
of afferent nerves. 

Attempts were therefore made to increase the observable changes, 
and to prolong the asphyxial phenomena. 

Arguing from the point of view that the semiietaes centre was 
bilateral, the phrenic branches in the neck symmetrical, and that 
similar points of egress from the deep muscles made measurement 


and selection of symmetrical points easy, it was resolved to use the 


upper branches upon both sides of the neck. 

They could be connected to the galvanometer either in the manner 
of batteries “in series” or “in parallel.” Calling the ligatured points on 
either side A and A’, and the more centrally situated points B and BP’, 
it was possible (a) to connect A and A’ together to one side of the 
galvanometer, B and B’ to the other, “in parallel”; or (6) by connecting 
A to B' through non-polarisables, A’ and B might be led off to galvano- 
meter “in series,” 

Provided that events were symmetrical, by arrangement “in 
parallel,” the available electromotive force remaining the same, the 
internal resistance would be halved; by arrangement “in series” the 
available electromotive force would be doubled but at the same time 
so also would be the internal resistance. 

The arrangement “in parallel,” as was to be expected, proved the 
best for galvanometric purposes, and led to a very marked increase in 
size of observed excursions. Of this Fig. 2 is an example. — 


Fig. 2. Dog. Chloroform. Curare. Both phrenics (upper branches) “in parallel.” 


A—B artificial respiration. B stoppage and final asphyxia. Demarcation current 
Time 7°1 mm. =1 min. 3 
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Succeeding experiments were carried out in this way, using both 
nerves “in parallel” for the galvanometer, “in series” and “in parallel” 
for the electrometer, where both methods offer special advantages. We 
have, however, as will be shown later, by a further development of — 
experimental precautions, succeeded in obtaining ealeneetly good 
results with both instruments from a single nerve. 

- To prolong the phenomena of asphyxia was our next endeavour. 
The tube from artificial respiration apparatus was provided with a wide 
but short byeway tube. It was desired to place in this tube a sliding 
valve, which opening wider and wider as the experiment’ proceeded, 
should at first allow all the air to’reach the animal, finally should 
permit little or none, and in the meanwhile should open so gradually 
as to make each air-blast less than its predecessor by a constant small 
decrement. Having no sliding valve, recourse was had to a simple 
substitute. A Winchester quart bottle of water was placed upon the 
tube so as to completely occlude it, from this the water was allowed to 
flow away by a siphon tube. By altering the aperture of siphon the 
rate of emptying could be altered. At end of experiment the empty 
bottle pressed lightly upon the tube and hardly at all diminished the 

calibre of its elastic walls. 
: Fig. 3 is a record of such an experiment, the record and the open- 
ing of valve being alike spread out over 15’. 


Fig. 3. Dog. Chloroform. Curare. Both phrenics (upper branches) “in parallel.” 
Artificial respiration throughout but gradually diminishing in quantity as described 
in text. Time 6°6mm.=1 min. 


From results so obtained the following statements appear to hold 

as to the manner in which respiratory impulses occurred in the phrenic 
_ of an artificially ventilated animal. 

1. It is very easy to over supply the animal with air, in which 
case either no changes, or changes insufficient to affect the galvanometer, 
traverse the nerve. Just as in fact with thorax opened and artificial 
respiration proceeding the diaphragm is often observed to remain — 
quiescent. 

2. When supply is gradually cut down, the changes when once 
they appear do not for a considerable interval show any signs of an 
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alteration commensurate with the gradual diminution of supply, but 
remain constant. 

3. The cessation of this constancy is marked not so much by a 
gradual increase in impulses as by an appearance of grouping “dimin- 


_ uendo, crescendo, diminuendo,” by phenomena in fact closely related to 


Cheyne-Stokes breathing. This appearance of grouping giving one at 
once the necessary danger signal of the lower limit ei sufficient ventila- 
tion. 

In subsequent experiments then the animal was not asphyxiated 
except for special purposes, but the necessary adjustment of artificial 
respiration was carefully made. Provided with this we were enabled 
to carry on experiments lasting for long periods (in some cases 2 hrs.), 
throughout the whole of which we obtained a considerable and constant 
rhythmic series of diminutions of the demarcation current synchronous 
with the pump. 

That it was only synchronous with, and not due to movements 
caused by inblast of air into the trachea we have satisfied ourselves by 


stoppage of the pump, when, at first in the same rhythm, the movements 


continued, gradually increasing in size and giving all the phenomena of 
the asphyxial records already obtained. 
Fig. 4 is the record of an experiment undertaken to demonstrate 


the — nature of the — so obtained. 


130 


Fig. 4. Dog. Chloroform. Curare. Both phrenics (upper branches) “in parallel.” 
Artificial respiration throughout, pump rate constant. Figs. 130, 110, 170, 130 
are pressures in mm. Hg. in pump cylinder, with variations in which the quantity of 
air supplied also varies. Time 7°7 mm.=1 min. 


During this record alterations were made in the supply of air both 
above and below any alteration likely to accidentally occur in an experi- 
ment, and it will be seen that the record is little if at all altered. 

It seems obvious that in such a record we have a means of steadily 
watching the action of the respiratory centre through changes directly 
arising in it and transmitted from it along the phrenic nerve. That 
such changes us we record may be complicated by the addition of 
changes due to the artificial section of the nerve, and may not be the 
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same as those occurring in the uninjured nerve seems from this point 
of view unimportant; at least if they are proportional to the real 
physiological electromotive change traversing the nerve. We have 
some reason to suppose that such is the case. 

Figs. (5), (6), (7) show the results, upon the constant record, of intra- 
venous injection of small doses of morphia, strychnia, and hydrocyanic 


| D E 

Fig. 5. Dog. Chloroform. Curare. Artificial respiration constant throughout (16 per 
min.). Both phrenics “in parallel.” Cannulw in both femoral veins communicating 
with burettes of morphia hydrochlor. 2 °/, and strychnia sulph. °5°/,. Demarcation 
current towards top of tracing. At A 2c.c. of morphia solution allowed to flow in 
from burette. At B artificial respiration stopped. C—D interval during which 
respiration resumed. JL 2 .c. of strychnia solution, negative variation carried spot 
of light right off paper. E’ spot of light brought back by rotation of the control 
magnet. ‘F 2 ¢.c. of morphia solution. Time 6:2 mm.=1 min, 


D 3 F G 


Fig. 6. Dog. Chloroform. Curare. Arrangement of experiment as in case of Fig. 5. 
Solution of HCN used was a dilution 5°), of the pharmacopeal ‘‘Acid Hydrocyan 
Dil.” Demarcation current towards top of tracing. At 4, B, HZ, F admitted 1 c.c. 
doses of HON solution. At G final dose of 10c.c. From C—D interval during 
ee Time 7°3 mm.=1 min. 


Fig. 7. Dog. Chloroform. Curare. Arrangement of experiment as in Figs, 5 and 6. 
_ Solutions of strychnia suiph, and HON used in strengths as before, A Hydrucyanic 
acid solution 1 c.c, 3B strychnia sulph. solution 1c.c. Further dose of hydro- 
cyanic solution 1 c.c. Demarcation current towards base of paper. — 
1 min. 
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acid. In the one case (morphia) we are able to follow the results of 
immediate depression, in the other two cases (strychnia and hydrocyanic 
acid) of stimulants, acting however in quite a —— different 
manner. 

The only apparent fallacy is that the distribution of the poison 
is, owing to the intact circulation, not only to the nerve cell but also to 
the whole stretch of nerve-fibre. Hence arises the need of checking 


results by information acquired from isolated nerve as in Dr Waller’s 


experiments. But when the alteration is not only one of quantity of 
change but also of rhythm, as we have already been able to observe in 
case of strychnia and hydrocyanic acid this can alone be the affair of 
the initiating nerve cell. 

The number of experiments made with these drugs have been too 
few, and the dosage &c. has been too arbitrary and irregular to enable 
us to make any further statement of their effects, but the investigation 
is being continued on these lines, and it is hoped that it may also 
contribute information of the action of chloroform and ether, amongst 
other drugs, upon the respiratory centre. © 

In order to measure and analyse the electromotive changes two 
things are certainly necessary. 

In the first place the phenomena must be obtained from a single 
nerve. This has been rendered easy by the regulation of artificial 
respiration already dealt with, and by the santana of our non- 
polarisable electrodes. 

In the second place, the electrometer must be used’. 

Fig. 8 is an example of electrometer record taken on slow rate, and 
also allows a comparison between the records obtained from a single 
nerve, both nerves “in parallel” and “in ——. and of asphyxial 
effects in a single nerve. 

Rapid electrometer records are however necessary, and with this view 
recording plant is being set up as described and used by Mr Burch; 


1 The information obtained from the galvanometer, although valuable as in the case of 
drug actions &c., where errors due to the direct poisoning of the muscle itself or its nerve 
endings (as in curare poisoning) crop up, is unfortunately limited. In uncomplicated 
cases it is probably, for several reasons, not as good an indicator as the muscle itself. 

But the electrometer is, as the work of the Oxford laboratory has shown, incom- 
parably superior to either. Even slow records obtained with it are of value as a check 
upon the galvanom ter or the muscle. Of this we have been able to take advantage, and 
in the case of stry poisoning have been able to compare galvanometer with electro- 
meter records taken at the same slow rate, to the destruction of a laboratory hypothesis 


_ made when only the first had been obtained. 
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and by the adoption of his methods of exact measurement we hope to 
get at and study the grouping of the individual impulses. . 


Fig. 8. Dog. Chloroform, Curare. Both phrenics (upper branches) prepared. Record 
of capillary electrometer movements. A single phrenic (the left), B both phrenics 
‘in parallel.” @ both phrenics “in series.” D left phrenic only. Asphyxia. 
E right phrenic only (recovery from asphyxia). Time 10-5 mm. =1 min. 

The experiments recently communicated by Professor Gotch and 
Mr Burch to the Physiological Society? have in the case of frog’s nerve 
made it clear that the electromotive changes in a cut nerve are different 
to those in an uninjured one. In the cut nerve the changes due to 
the transmission of the impulse, are complicated by a secondary effect 
peculiar to the region through which the injury current is conducted. 
A repetition of impulses in such a nerve is liable to lead to a summation 
of electromotive changes, owing to the long drawn out character of this 
secondary effect. 

Should such conditions be extreme in the cases which we are 
examining, it might possibly be that the individuality of changes due 
to single constituent impulses is completely masked. This may not 
however be so, and even if so derivation from the isolated but not 
divided phrenic will probably provide us with the information that we 
require. 

In conclusion it is important to give some reasons for believing that 
_ the recorded phenomena are genuine concomitants of respiratory groups 
_ of impulses passing down the phrenic nerve. 

It is useful to assume that the whole series of records is based upon 
some experimental error, and that the changes observed to affect the 
galvanometer or electrometer, and derived from a single nerve or from 


? Proc. Physiol, Soc, Feb. 12, 1898. This Journal, vol. xx11. 
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both nerves with equal ease and in a regular manner are not due to 


physiological alterations, or if so not to physiological alterations in t he = 
pieces of nerve examined, 


The possibility of this has never been lost sight of throughout the 
experiments, and its consideration has newly arisen with every new 


change detected. 
It is easy to conceive of their origination in slight and unseen 


movements of the animal, (a) owing to imperfect curarisation, 


(b) tracheal and other movements due to inblast of air from artificial 
respiration apparatus, (c) twitchings due to exposure and chemical 
excitation of muscles, drying, &c. 


It might be even conceived as lying in the rhythmical secretion of | 
a gland, or the alteration in position of a secreting gland due to 


muscular movements, &c. 

Leaving out of consideration all other than nervous tissues, it is 
possible that changes really situated’in the cord or brain might lead 
to the propagation of currents along moist conductors to considerable 
distances from their source of ori 

Many incidents of the experinionte have helped to dispel such 
ideas and every precaution has been taken to ensure the minimisation 
of such errors. 

Two direct forms of experiment seem however quite conclusive. 

(1) All phenomena instantly cease with ligature of nerve between 


— led off points and the cord, even if ligature be made with thick threads 
well moistened with normal saline, 


(2) Leaving the deep cervical muscles and the cord at exactly the 
same point as the branch of phrenic used in the experiment is the 
fifth cervical nerve, composed of similar tissue, a somewhat better 
conductor owing to its larger size, and equally capable of isolation 
with circulation preserved intact. From this nerve we have so far been 


able to obtain not only no similar phenomena, but no phenomena (with 


exception of demarcation currents) at all capable, under conditions of 
experiment, of affecting the galvanometer. 

Fig. 9 is a record of an experiment of this kind. Both phrenics 
were first ligatured, divided and isolated, after which, and therefore with 
more prospect of success, both cervical nerves were similarly treated. 
It is worth noting that the pieces of cervical nerve obtained were 
shorter than the phrenic branches, and —. the points led off 
nearer to the deep tissues. — 

The cervical nerves were first connected up in parallel to the 
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8 galvanometer and a complete experiment performed. Periods of re- 


Se ee spiration alternating with iin of no respiration. The result obtained 


nil, (I in Fig. 


Fig. 9. Control experiment. Dog. Chloroform. Curare. Description of arrangement 
of experiment in text. AA artificial respiration stopped. BB Artificial respiration 
resumed. 4’ final stoppage and asphyxia. First tracing is from vth pair of cervical 
nerves. Second is from pair of phrenics (upper branches). Time 66mm.=1 min. _ 
The cervical nerves were then removed from the electrodes and 

replaced by the phrenics. The record speaks for the success obtained. 

(II in Fig. 9.) 

A similar experiment of slightly different type is worth recording, as 
it was made at a later date, when we had become more familiar with 
conditions necessary to ensure success, and were able to get good results 
from a single nerve during maintenance of artificial respiration. 

The vth cervical was prepared on one side of the neck, the phrenic 
(upper and corresponding branch) on the other. Both were connected 
by non-polarisable electrodes to keys, which allowed of their being either 
‘singly or together “in parallel” connected to the galvanometer. 

The series of observations made were alternated Y intervals for 
pumping animal into good condition. 

(1) The phrenic alone connected with galvanometer gave usual — 
result, 

(2) The vth cervical alone gave nothing. 

(3) The vth cervical gave no asphyxial picture. 

(4) The phrenic gave usual asphyxial picture. 

(5) Adding to this the vth cervical “in parallel” did not increase 


_ but diminished result. 


(6) Repeated asphyxial picture with phrenic, and noticed absolute 
cessation upon application of a ligature. 

Note, The reduction in the size of the original tracings has been accom- 
panied by some loss of the finer detail. 

The scale of reduction is not the same throughout. 

In Figs. 1, 2, 7, and 9 the reduction is to -49; in Fig. 5, to ‘46; in 
Fig. 2, to 53 ; in Fig. 6, to “54; in Fig: 4, to 07; ‘and in Fig. 8, to - 775, 


of the original size. 
All tracings read from left to right. 
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ON THE STRUCTURAL ALTERATIONS OBSERVED 
IN NERVE CELLS. By W. B. WARRINGTON, MD., 
M.R.C.P., Demonstrator in Pathology, University College, Liver- 
(Plate I and four Wigutes in 


OF the horns of he cord far wtion of the posterior oo 
Il. After the division of the Axons belonging to them. 


THE object of this investigation is an enquiry into the nature of 
certain structural changes which occur in nerve cells whose functional 
state has been altered either by a cutting off, of the afferent impulses 
which normally impinge upon ace or by the loss of continuity in 
their axons. 


Method of Preparation of the Tissue. 


Throughout my method of preparation of the tissue for examination — 
was as follows:—Imniediately after death pieces of brain or spinal 
cord were taken about 3 cm. in thickness and fixed in a saturated 
solution of perchloride of mercury for 12 to 24 hours, washed in 
H _ running water for 24 to 48 hours, hardened in gradually ascending 
4 | grades of alcohol for 24 hours each, and then for from three to six hours 
in absolute alcohol. The blocks of tissue were then cleared in xylol 
and after saturation for several hours in xylol paraffin and paraffin, 
embedded and sections cut, usually 7» in thickness, occasionally 3 py. 
Ribbons of sections were floated from warm water on to a clean slide 
and heated in an oven at 37°C. for several hours. 

The method of staining used was that described by Held”, viz. 
a double stain of erythrosin and methylene blue according to the 
following formula: erythrosin 1 grm., glacial acetic acid 3 drops, water 
| 150 cm. 

_ Stain for about five seconds; wash in water, then stain and warm 
in a solution of the following composition: methylene blue 3°75 grms. 
+ sapo Venet. 1°75 grms., water 1000 cm. This is diluted with an equal 
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volume of 5°/, solution of acetone. I have however omitted the addition 
of Venetian soap and acetone without impairing the effect. 

_ After washing, the sections are treated with absolute alcohol for 
a few seconds, which differentiates the colours as well as dehydrating, 
and shortens the process, cleared in xylol and mounted in Canada 
balsam. 


| The Normal Cell (see Plate). 


el 3 in this way a normal cell of the central nervous system 
has the following characteristics : | 

1. The axis cylinder stains red and can be seen to arise from 
a crescentic shaped elevation of the cell body. It is quite free from 
the Nissl bodies. 

2.- The nucleus has a clearly defined membrane and consists of 
a clear portion in which is the red stained chromatin network. The 
nucleolus is large and stained deeply blue. 

3. The body of the cell is stained red and throughout is densely 
covered with the blue stained Nissl bodies. In thinner sections the 
contrast between the differently coloured parts of the cells is more 
marked. In an ordinary cell from the anterior horn of the spinal cord 
the stichochrome arrangement of the Nissl bodies gives to the cell a 
| pager streaked appearance, which is spoken of by Von Lenhossek 

“tigroid.” Held (loc. cit.) has studied especially the intimate 
pe and origin of the Nissl bodies and has shown that anatomically 
they consist of the finest granules and that between these lie vacuoles. 
To see this condition it is necessary to cut sections from 1—2 yp in 
thickness. Vacuolation of this character was rarely seen in any of 
my preparations in ‘sections about 7 yw thick. 

4, The dendrons also stain red and along their course are the 
Nissl bodies. 

In connection with the normal cell I may mention that pigment 
- was never found in the cell of the cat or rabbit but plentifully in man 
and the monkey. The histochemical tests of Macallum show that 
the pigment does not contain iron in either organic or inorganic 
combination. 
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: W. B. WARRINGTON. 
I. 
ON THE CONDITION OF THE SPINAL CORD OBSERVED AFTER 
SECTION OF SEVERAL POSTERIOR ROOTS, 


Method of operation. Laminectomy was performed under strict 
antiseptic precautions. Only sterilised warm normal saline was used 
for sponging purposes after the muscles had been cut through. The 
dura mater was freely opened and the roots cut in the region of the 
cauda equina about } of an inch from their entrance into the spinal 
cord. 

In all cases quoted the wound healed without suppuration. The 
segmental number of the roots cut was ascertained in each case by 
post-mortem dissection, counting from the last ribs. The number of — 
ribs was thirteen on both sides in all cases. | 

Naked eye appearance of the cord. There was an entire absence 


of meningitis, A small amount of soft tissue was often found loosely 
_ adhering to the dorsal aspect of the cord, it was easily removed and the 
underlying surface of the cord appeared in most cases quite normal, 


in some slightly discoloured. 

Examination of the cord. A very large number, 1—3 hundreds 
of sections, were cut from each of the several spinal segments and — 
stained in the manner described. On examination a large number 
of markedly altered cells were found showing the changes detailed 
below. 

Characteristics of the affected cells, These present different ap- 

1, The most striking and perhaps the commonest form is that 
shown in the figure. As seen under an apochromatic lens mm. 3°0, 
aperture 1°40, compensating Oc. 12, it presents the following features ; 
the nucleus is markedly eccentric, it has a clearly defined membrane 
and well-marked chromatin network. 

The nucleolus is well defined. The chromatic masses have com- 
pletely disappeared from the greater part of the cell, and are localised 
round the nucleus. It is noteworthy that the Nissl bodies retain 
their form as discrete masses, the part of the cell which stains red 
has a distinctly striated character. In cells generally similar the pro- 
cesses may be present or absent (see plate). 

2. Other cells have a similar appearance except that the blue 
masses are broken down into the form of a fine powder (Fig. 2). 
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8. Similar to above but nucleus absent (Fig. 3). 
4, Cell increased in volume without a vestige of the colouring 
“matter, it has a rather hyaline appearance and the nucleus is absent 
(Fig. 4). 

5. Lastly, there are a number of cells possibly indicating the 
initial change. At one point in the periphery there is a chromatolysis 
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: resulting in the appearance of a reddish zone; the nucleus is a trifle 
q eccentric and the rest of the cell shows the ordinary Nissl bodies. 
It could not be definitely settled whether the place at which this — 
process commenced was the origin of the axis cylinder, but certainly 
a good many cells were found which strongly suggested this (Fig. 1). 


The number of altered cells and their positions in the spinal cord. 


Owing to the same cells being seen in several consecutive sections 
it was difficult to find a reliable method of enumeration. The numbers 
in the tables given were obtained as follows:—no normal cell was 
counted unless the nucleolus was clearly visible and the same altered 


vil 


i cell was of course not counted twice when it could be recognised as 
i such, Another difficulty was that the affected cells are not uniformly 
. distributed over the segment, for example thirty consecutive sections 
i may show only normal cells, the next thirty a considerable number 
' of affected ones. Hence for examination series of alternate tens of 
i sections were taken. | 

1. Cat. Killed on the 10th day. Section of VIth VIIth VIIIth IXth 
4 post-thoracic roots, 

| Condition of postero-external group Condition of remaining cell groups 
i Segment Total no. of No. of altered Total no. of altered cells in 

nucleoli counted cells Anterior group Median group 

vil 247 BB 2 

| VIII 126 30 4 

i 2. Cat. Killed on 12th day. Section of VIth VIIth VIIIth IXth 
q post-thoracic roots. 

i VII 187 44 5 

| 3. Cat. ‘Killed on 17th day. Section of VIth VIIth ViIIth IXth roots. 
146 | 0 3 

a VII 347 AT 20 13 

A VIII 86 28 

Ix 112 4 

4 4. Cat. Killed on 23rd day. Section of ys Vith VIIth roots. 

| V& VI 0 
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5. Cat. Killed on 21st day. Section of VIth VIIth VIIIth roots. 


VI 164 17 3 | 
VII 49 3 0 
70 10 2 
6. Cat. Killed on 24th day. Section of VIIth VIIIth IXth roots. 
VII 167 23 21 10. 
VIII 119 8 
7. Monkey. Killed on 28th day. Section of Vth VIth VIIth VIIIth 
roots, | 
V, VI & VIII a few 
VII Upper portion 55 27 14 2 | 
8. Cat, Killed on 17th day. Section of Vth VIth VIIth VIIIth roots. 
V&VI. 0 
VIII a few 
9, Cat. Killed on 12th day. VIth VIIth VIIIth cervical and Ist 


Gee Practically no altered cells found. 

In addition to the cells of the anterior horn, the small cells present © 
in the posterior horn showed in some instances a similar alteration. 

The condition of the opposite side is important ; in two cases it was 
entirely free from any altered cells, in four others a few cells, the total 
number being under ten, were found which showed the characteristic 
chromatolysis. In the three other cases a larger number were found ; 
in two instances these were in the vith segment, in the anterior or 
median groups—they were present in greatest number in the vilth 
segment, and here again at least half were found in the anterior cell 

vill and IX were practically free. | 


Summary of the result of these experiments. 


After section of several posterior roots from the vth to the 1xth 
post-thoracic inclusive a considerable percentage of obviously altered 
cells are found, their distribution in the case of the cat is practically 
limited to the vith and vitith segments, and especially to the postero- 
lateral group of cells in those segments. 

In the monkey the upper part of the vith segment is picked out. 
The effect is to a very slight extent a crossed one and presents the 
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remarkable feature that more affected cells were found in the vith 
segment of the crossed side than on the side of the lesion. 

In the cervical region, in one case similar but slight changes were 
found limited to the vith segment; in the other case the spinal cord 
was pracizoally normal, 


_ Significance of these results. 

An examination of a large number of sections from normal spinal 
cords failed to show cells in any way comparable to those just described 
and the question of artefaction can, I think, be dismissed. 

Neither is the escape of the cerebro-spinal fluid capable of producing 
any such alteration. Sections cut above the seat of lesion but from a 
piece of the cord over which the dura mater had been opened always 
showed the typical normal structure. | 

With regard to inflammation and disturbance of the blood supply 


__ the great number of sections were entirely free from any sign of inflam- 


mation or connective tissue change, and except for the presence of the 
altered cells the side of lesion could not be recognized. I do not think 
that the connective tissue change is attended by any comparable 
alteration in the cornual cells. In some sections in which there was 


proliferation of the tissue of the posterior horn extending inwards in 


the grey matter, no alteration whatever was observed in the cells. If 
it produces any change, it is most likely one which causes shrinkage 
and disappearance of the cells and not an alteration such as that 
described. That the nerve cells undergo profound alteration in con- 
sequence of a disturbance in the vascular system is well known from 
the work of Munzer and Wiener®, Marinesco®, Lamy and 
Ballet. 

But certain appearances of the cells noted in my observations are 
not generally found as the result of a primary vascular disturbance : 
viz. the eccentric position of the nucleus; the persistence in some 
cells of the normal arrangement of the chromatic bodies, though these 
are much: reduced in number and driven up to the periphery, the 
entire absence of vacuolation (see figures by Marinesco and others) 
and in many instances the maintained integrity of the cell processes. 

It may also be pointed out that the only artery divided in the 
operation is the posterior radicular, a small branch distributed to the 
caput and posterior root, it does not extend much laterally and is in 
no relation with the large cornual cells which are almost exclusively 
supplied by ramifications of the anterior spinal artery. 
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The view I wish to maintain is that the changes are the result of 
the withdrawal of the afferent impulses which normally impinge upon the 
cornual cells. After sections of the posterior roots connected with a 
limb, the loss of muscular tone is pronounced, the limb is almost flail- 
like, and in addition to an ataxia, Dr Mott and Professor Sherrington © 
have shown that there is a marked impairment of movement, especially 
of the hand or foot. Hence the anterior cornual cells must be in a 
highly altered functional state. 

The peculiar distribution of the altered cells affords further support 
in this view. 

First, as regards their marked limitation to the postero-external 

up. 

(1) Histological evidence shows that this group is most richly 
innervated by the collaterals from the posterior roots. 

In the cases of tabes dorsalis presenting muscular wasting, an 
affection of this group of cells has in.several cases been found, and 
Charcot” attributed this to its intimate relation with the reflex 
collaterals. Schaffer® has also adopted this view and has described a 
case of tabes with atrophy of the peroneal muscles, in which certain 
cells of the anterior horn showed a chromatolysis. | 

(2) The cells of the group also are connected with the muscles of 
the palm and sole, which are concerned in grasping movements of the 
hand and foot and opposition of the pollex; movements which as 
shown by Mott and Sherrington cannot be performed by an animal 
after the section of certain posterior roots. 

(3) The observations of the condition of the spinal cord in a large © 
number of cases of old standing amputations uniformly show that the 
maximum in intensity of atrophy in the anterior cornual cells falls on 
the posterior external group. This fact led Friedlander and Krause 
to regard the group as sensory in nature and comparable with Clarke’s 
column. | 

Homén™ in a detailed analysis of the condition of the spinal cord 
in the case of a dog in which he had amputated the thigh 27 months 
previously shows that the postero-external column was much more 
affected than any of the other remaining cell groups, and he also found 
_ @ similar condition in amputation at the shoulder-joint. In such cases 
any alteration resulting in the cells from destruction of their axons 
must affect the several groups equally, and I shall show in the second 
part of this paper that division of an anterior root is followed by changes 
in practically all the cells on that side of the corresponding segment, 
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and that these changes are not more advanced in any one group. 
Hayem™ and Mayser™ working with the older histological methods 
showed that a similar localisation of the atrophied cells occurred in the 


spinal cord, as a result of section of the sciatic nerve ; and Dutil using 


the Niss] method of staining, again found that in a guinea-pig after 
section of the same nerve, the characteristic changes were chiefly found 
in the lateral group though more anteriorly. 

These observations afford evidence that the postero-lateral group 


is especially dependent for the maintenance of its functional activity on 


the integrity of the afferent impulses. 
Secondly, the limitation to vitth and vith post-thoracic segments. 

I find again the explanation in the observations of Mott and 
Sherrington. These observers have shown, in the monkey, that when 
the vth, vith and viith post-thoracic roots are divided the sole of the 
foot is anzsthetic and the defect in movement is extreme, and con- 
versely that, “if the sensory roots of the whole series of the spinal 
nerves, belonging to a limb be severed, with the single exception of, in 
the lower limb the vith post-thoracic (distributed to the whole extent 
of the foot), a certain degree of impairment of movement of the limb 
results, which appears rather a weakness than clumsiness, but the 
degree of impairment is altogether quite slight.” 

In the cat the corresponding roots are the vith, vith and viilth. 
Further, the vith and vultth anterior roots are distributed to the 
muscles which move the foot and digits, the movements of which as 


just noticed are practically abolished after severance of the afferent 


roots. 

These observations show that the motor cells of the vulth and vilith 
segments especially depend on the reflex impulses as an incitement to 
an efficient discharge. 

The escape of the sixth segment is interesting, its motor fibres are 
distributed in considerable part to the extensor muscles of the knee 
and it is known that extension as a primary reflex movement is most 
difficult to obtain. : | 

Turning again to the records of the condition of the spinal cord 


after amputation, though exact statements as to the segments in which 


the atrophy of the anterior cornual cells occurs are not in most of the 
cases given, it can be seen that it is especially the lower part of the 
lumbar enlargement which is involved. ° 

Thus, without attempting any detailed analysis of these cases, I may 
instance Vulpian’s™) case of amputation just above the left ankle, in 
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which the atrophy of the grey matter was found in the second me first 
sacral segments. 

In two cases of Campbell’s™ of amputation just below the 
knee the diminution of cells was found in tind and 18st sacral and vth 
lumbar segments. In cases of amputation of the thigh recorded by 
LL, Clarke, Dejerine and Mayor™ the diminution of cells was 
noted to be limited to the lower part of the lumbar enlargements, in 
those recorded by Dreschfeld arid Reynolds™ to the lower and 
middle part of the lumbar region, and in a similar case recorded by 
Marinesco™, it is stated that no diminution was noted in the number 
of the cells higher than the level of the 1vth lumbar segment. So also 
in experimental amputations at the thigh and shoulder-joints in young 
dogs Homén (loc. cit.) notes that the diminution in the number of cells 
on the side of the lesion was limited to vilith, vith and vith post- 
thoracic segments in the lower limb, to the first dorsal and viiith and 
viith cervical in the case of the upper limb. 

These cases of amputation show the final results in the several 
spinal segments which follow interference with a motor nerve cell 
(a) by destruction of its axon, (b) by cutting off the afferent impulses, 
and they show that the atrophy is not uniformly proportional to the 
extent of the lesion. | 

At this point it is necessary to refer again to some observations to 
be described in the second part of this paper, viz. that after division of an 
anterior root, changes are found in all the cells within a very short time. 

At present I have no personal knowledge of the ultimate fate of 
these cells, assuming that, after amputation of a thigh, for example, and 
consequent cutting of all the axons of the cells of the various spinal 
segments connected with the muscles of the limb, an initial structural 
alteration occurs in these cells, we have to explain why the final result 
should be practically limited (as far as mere diminution in number) to 
the postero-external group and to certain segments. The explanation 
why certain cells are more vulnerable, is to be found I think in their 
special dependence on the integrity of the afferent impulses, and I wish 
to emphasise, that the changes described as occurring after section of 
the posterior roots are of a very different type to those which follow 
division of an anterior root. They are much more intense, the process 
of chromatolysis has advanced further and in. many cases to such a 
degree, that all trace of the chromatic bodies is absent and the nucleus 
has disappeared. Such cells will probably ultimately atrophy and 
_ become incapable of recognition. 
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ON THE CHANGES THAT OCCUR IN A NERVE CELL AFTER 
DIVISION OF ITS AXON. 


That a relation exists between the structure of a nerve cell and the 
integrity of its axon is shown by evidence of three kinds. 

(i) In newly-born animals Gudden long ago showed that section 
of a nerve trunk gives rise to complete disappearance or perhaps an 
arrest of development of the cells of origin. 

- (ii) In adult animals a somewhat similar condition has ese 
noticed if.a long time has elapsed since the occurrence of the lesion. 

Forel™ in 1887 cut the facial nerve in two guinea-pigs at the 
stylomastoid foramen and allowed the animals to live 262 days and 
141 days respectively; in both cases he found marked diminution in 
the number and size of the cells in the side of the lesion. 

Darkschewitsch™ in 1892 also divided the facial and hypoglossal 
nerves and after six weeks found changes in the nuclei of origin, the 
cells being diminished. in number, atrophied and shrunken. The 
changes found in the cord after amputations have already been alluded 
to and evidence adduced to show that one factor concerned in their 
production is the cutting off of the afferent impulses which normally 
innervate the anterior cornual cells by means of the reflex collaterals 


of the posterior roots, . 


(iii) Nissl™ in 1892 introduced his method of staining nerve 
cells by methylene blue, and stated that in so short a period as 24 
hours after division of the trunk of the facial nerve an alteration in 
structure could be found in the corresponding nucleus. The changes — 
described by Nissl may be thus summarised :—After 24 hours the blue 
bodies may be seen to undergo an alteration at one point in the cell 
which consists in a loss of their distinctive shape and arrangement and 
a dispersion over the body of the cell. In from 2 to 3 days this change 
spreads all over the cell. The Nissl bodies become:paler and ulti- 
mately take the appearance of minute specks of colouring matter. On 
the fourth day the whole cell is swollen and more globular and the 
processes are homogeneous. On the sixth day the cells appear as if 
uniformly covered over with the finest coloured particles and the 
processes have disappeared. The nucleus passes towards the periphery 
and finally disappears, The change takes place with greater rapidity 
in some cells than others, but at the 18th day all the cells in the 
nucleus are thus broken up. 
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Nissl speaks of these changes as produced by a “ Methode der 
_ primaren Reizung” and regards his observation as having established 
the fact that the cutting off of a nerve cell from its end organ calls 
forth regressive changes in the cell in fully grown animals. | 

A number of observers have confirmed and extended this obser- 
vation, Van Gehuchten™ describes and figures changes in the 
oculomotorius nucleus produced three days after section of the third 
nerve in the orbit. Bach™, Flatau™, Bernheimer™, and 
Schawbe™ have utilised the method as a guide to the localisation 
of the different groups of cells which compose the oculomotorius 
nucleus. Marinesco™ also and Fleming™ have obtained similar 
results, and Lugaro™ has figured changes in the spinal ganglion 
cells as a result of section of the sciatic nerve. Llewellys Barker ™ 
in a recent paper refers to this subject and figures markedly altered 
cells obtained by Erlanger in the case of the facial nucleus after 
section of its nerve trunk. My own observations have been made in 
the condition of the spinal cord after section of an anterior root, of 
- the oculomotorius nucleus after intracranial division of the third nerve, 
and of the facial nucleus after division of that nerve at the stylo- 
mastoid foramen. 

Section of an anterior root. The cauda equina of a cat was freely 
exposed by opening up the dura mater, a posterior root pushed aside 
and the corresponding anterior root severed near the spinal ganglion*. 
The same precautions as mentioned in the cases of division of the 
posterior roots were taken. A post-mortem dissection showed that 
in each of three instances the seventh post-thoracic root had been 
divided and the completeness of the section was confirmed by the 
presence of the Wallerian degeneration in all the fibres of the distal 
pieces of the root. Aseptic healing took place in all the instances quoted. 

Exp. 1. Animal killed on the tenth day. Examination of the 
vilth segment of the spinal cord. Very few apparently normal cells 
were met with and these were chiefly small ones. The slightest 
change noticed and which was also that which occurred most fre- 
quently consisted in a loss of any definite arrangement of the blue 
coloured Nissl bodies. Fine blue granules were uniformly disseminated 
throughout the cell bodies and hence the cells presented the appearance 


* Onufrowitz (Journal of Nervous and Mental Diseases, 1895) has also studied the 
condition of the spinal cord in the lower dorsal region after division of an anterior root. 
He used vesuvin for staining and found changes somewhat similar to those now deseribéd 
by myself. 
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of being less deeply stained than normal. In cells of this type the 
nucleus remains practically normal. 

In other cells the alteration was more pronounced; the nucleus 
was smaller than normal; it had lost its well-defined margin and 
became wavy in outline and was surrounded by a reddish zone from — 
which chromaphitic bodies were absent. This is a stage of chroma- 
tolysis. In a few cells the nucleus had lost its central position and 
become eccentric. 

In rare cases there was an invasion of a disintegrating process of — 
chromatolysis from the periphery. 

Exp. 2. Animal killed on the 14th day: the cord presented the 
same general appearance as in the former case, the change however 
being a little more advanced. A typically altered cell had the fol- 
lowing appearance. The nucleus which was central had lost its 
definite outline, and its membrane was not visible, the nuclear chro- 
matin had not the ordinary net-like appearance but had the appearance 
of an irregular homogeneous star-like body. A nucleolus was invisible 
but several darkly blue stained particles might represent it. Round 
the nucleus was a space which contained fewer chromatic masses than 
the periphery; hence it looked reddish but was dotted with a fine 
dusty blue substance. 

The peripheral blue had entirely lost its characteristic striated 
arrangement and was represented by a diffuse blue mass on which 
many darker points appeared (see plate). 

A small minority of cells showed the process of chromatolysis 
beginning at the periphery, and in a few the nucleus assumed a 
distinct eccentric position. | 

Exp. 3. Animal killed on the 14th day. The changes found were 
similar in all respects to those detailed above. 


Examination of the oculomotorius and facralis nuclei after 
division of the corresponding nerve trunk. 
A detailed account of the results obtained is given below. I wish 
to emphasize that so far as my own observations are concerned, the 


resulting changes are much less marked than those described as oc- 


curring after section of a spinal anterior root. This is especially so in 
the case of the 11rd nerve where the changes are altogether very slight. 

At an earlier period of this investigation, in the Report to the 
British Association, 1897, I stated that I was unable to find in these 
cells changes corresponding to the descriptions of other observers. 
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I am still of this opinion as regards the degree of change met 
with, but further experience, especially that of changes in the spinal 
cord, leads me to believe that some difference, notably in the manner 
of distribution and form of the Nissl chromatic bodies, can be made 
out in the cranial nuclei. 

Individual variation no doubt plays a part in the production of 
these cell changes, but that there may be much difficulty in recognizing 
them is, I think, shown by the divergent results obtained by Schawbe 
and Bernheimer in the case of the ttrd nerve (loc. cit.). © 


Division of the facial nerve at the stylomastoid foramen. 


_ Exp. 1. Facial trunk exposed at its exit from the stylomastoid 
foramen, and torn out, complete paralysis of the ear, face and lid 
muscles resulted. Animal killed on the 20th day. An examination 
of the nucleus of origin showed that in about } of the cells no change 

could be detected. 

_. Among the remaining cells several varieties of alteration noted. 

(i) The most common is that in which the chromophitic masses, 
losing their stichochrome arrangement, become dispersed as minute 
blue particles over the body of cell, the nucleus being situated meaty 
and normal in appearance. 

- (ii) A condition almost exactly similar to that described as found 
in the spinal cord—Exp. 2—with similar alteration in the contour of 
the nucleus, and the appearance outside it ’ a reddish zone, indicating 
commencing chromatolysis. 

(iii) Very rarely cells were found exhibiting the eccentric nucleus 
and disintegration of the protoplasm from the periphery. 

Exp. 2. Operation similarly performed, but animal killed on the 
14th day. The appearances are almost exactly similar to those de- 
tailed above and there is the same proportion of normal cells. 

Exp. 3. In this case the facial nerve was divided so that the | 
auricular branch was left intact, the same class of changes found, 
but almost half of total number of cells appeared normal. An exami- 
nation of the nucleus of origin on the intact side showed the presence 
of a few cells whose structure was similar to that of certain of the 
altered cells in the opposite nucleus, 


Division of the IIIrd nerve intracranially. 


Professor Sh errington kindly gave me the corpora quadrigemina of 
a cat and a monkey in which this operation had been done and a third 
specimen of the oculomotorius nucleus in a cat was prepared by myself. 
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The corpora quadrigemina of a man in esi the eyeball had been 
enucleated six months previously, were also examined. 

Exp. 1. Cat. Killed on the 8th day. .The changes are very slight 
and are just sufficient to enable one to distinguish the side of lesion by 
examining with a high objective. The characteristic change is again 
that the blue chromophitic masses lose their striated arrangement 
_ and become disseminated throughout the protoplasm as minute bluish 
- particles. In some the nucleus is diminished in size and has a wavy 
outline, and a few show the type with the eccentric nucleus or with a 
clear, reddish zone round the nucleus. Among the normal cells of the 
oculomotorius nucleus the. majority show a striated (stichochrome) 
arrangement of the chromophitic Nissl bodies, but in some these are 
arranged in the form of a network (arkyochrome), and in the case of 
cells belonging to this type I find it extremely difficult to say whether — 
there is a distinct alteration in structure of the chromophitic masses. 
Exp. 2. Cat. Killed on the 16th day. Examination of the nucleus 
showed an appearance similar to that detailed above, if anything the 
alteration is less evident. 

Exp. 3. Monkey. Killed on the 28th day. The changes found 
in this case are of an entirely different nature and consist of a distinct 
diminution in number of the cells, throughout the whole length of the 
nucleus. I am unable to distinguish in any cells changes of a similar 
character to those described above. In transverse section the oculo- 
motorius nucleus consists of a central and two lateral portions. The 
diminution in the number of the cells was found to affect the whole of 
one side with the exception of the upper dorsal group of cells, The 
central cells were symmetrical. 

In this case a proliferation of the connective tissue occurred which 
was limited to the most anterior part of the nucleus examined, it 
existed in 40 sections of 7 each, and in that region almost entirely 
obliterated the lower part of the dorsal group of cells. 

Exp. 4. Man. Died 6 months after enucleation of one eyeball. 
The cells of the nucleus of the 111rd nerve appear throughout symmetri- 
cally arranged and no difference in structure could be noticed on either 
side of the nucleus. The cells in the middle of the nucleus, which are 
here larger and more numerous than in the extremities, stain deeply 
and show a well-defined distribution of the chromatic masses :—towards 
the limits of the nucleus in either direction the cells are smaller and 
many of them on both sides possess an eccentric nucleus, while the 
Nissl bodies are very scanty, the cells in fact presenting appearances 
similar to those occurring in pathological conditions, 
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The appearance does not however I think indicate any morbid state, 
possibly it is a post-mortem change, but the smaller cells of various 
parts of the nervous system often show similar features even when the 
tissue is quite fresh. Individual variation has also to be considered. 
In the case of the monkey mentioned above, two distinct types of cells 
equally distributed were seen in the oculomotorius nucleus, one more 
spherical and lightly stained, the other polygonal and deeply stained, 
but the cells of this nucleus in a second monkey were uniformly of the 
same type. 


- REMARKS. 


These results agree sufficiently with those of other observers to 
enable me to accept as a general law that in a cell loss of continuity 
of its axon is followed by definite structural changes. 

Marinesco (l.c.) divides the process into two stages. 

_ Reaction :—characterised by a breaking up of the chromatic | 
substance, the nucleus retaining its central position and the cell 
its normal contour. | 

Degeneration :—characterised by the occurrence of a chromatolysis 
which begins according to Marinesco and Nissl in the neighbour- 
hood of the origin of the axis cylinder and spreads towards the 
dendrons. In this stage the nucleus assumes an eccentric position. 

In most instances the changes in my preparations have not advanced 
beyond the first stage. Owing to the large size of the cells, this is 
specially well seen in preparations of the spinal cord from the first 
series of experiments. The stage of commencing chromatolysis was 
reached in a few. 

In the case of the facial nucleus again the changes noticed belong 
chiefly to the stage of reaction, the more extreme changes of the nature 
of degeneration which from the descriptions and figures of other writers, 
would appear to be very common, were only rarely represented in my 
preparations. The same is also true with regard to the oculomotorius 
nucleus—cells showing signs of the stage of degeneration were practi- 
eally absent, thus contrasting markedly with the figures published 
by Flatau, who also divided the mird nerve intercranially. 

The condition of the nucleus in the monkey is remarkable. At 
the end of 28 days there was no trace of any of the changes just 
enumerated but a distinct diminution in the number of the cells in 
the side of the lesion. ) 

In the upper part of the nucleus the marked connective tissue 
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reaction which is present would account for this disappearance of cells, 
but the rest of the nucleus is free from any such invasion. 

Is. this alteration comparable to that described by Forel and 
_ Darkschewitsch (J.c.) in the case of the facial and hypoglossal nerves ? 
If so it has certainly occurred at a very early date; Ballet has however 
as early as 37 days after section of the sciatic nerve found a marked 
‘diminution in number of the cells of the anterior horns in the corre- 
sponding spinal segment, the remainder showing the normal structure. 

The view adopted by this observer was that the atrophy and dis- 
appearance represented the final result of the process of chromatolysis. 

It is difficult in transverse sections to recognise the various groups 
which compose the oculomotorius nuclei, but the sections show clearly — 
that the most dorsal (superior) group of cells was least affected and 
it is probably this region which gives origin to fibres of both tird nerve 
(Gudden) and hence might a priori be expected to suffer least. 

In contrast to the results of this experiment is the observation 
on the condition of the same nucleus in the Human subject. The 
perfectly normal appearance in this case supports the view put forward 
by v. Gehuchten at the recent Congress in Moscow, that atrophy of 
the nucleus of origin after division of the nerve trunk is not 7” 
an established fact. 

In conclusion I beg to express my obligation and thanks to 
Professor Sh errington for his kindness and help, and especially for 
valuable suggestions in connection with the former part of this paper. — 
My best thanks are also due to Professor — who has throughout 
aided me by advice and criticism. 


| ‘Summary. Part II, 


1, Distinct and easily recognisable changes in nearly all the ‘aig 
of a segment of the spinal cord are found on the side of the lesion after 
section of an anterior root. 

2. Similar but less marked changes follow division of the facial 
nerve, and still less distinct alteration after division of the oculo- 
motorius nerve. 

8. The fate of such altered cells and: the ultimate condition of the - 
nucleus of origin are not yet definitely ascertained. 

4. The age and nature of the animal experimented on, is a factor 
in determining the rapidity and degree of alteration met with in the - 
nerve cells. 
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PLATE I. 


(Drawings made with the camera lucida. Magnifica 
system 30 mm. Apert. 1°40, Compensating Oc. 12.) 
Fig. 1. A normal anterior cornual cell. 
Fig. 2. Anterior cornual cell 14 days after section of thé corresponding 


anterior root. 


Fig. 3. A cell from the postero-lateral group of the anterior horn 23 days 


_ after section of several posterior roots of the cauda equina. 
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OBSERVATIONS ON THE CRYSTALLIZATION OF 
ANIMAL PROTEIDS. By F. GOWLAND HOPKINS, 
M.B., anD S. N. PINKUS, Ph.D. 

(From the Physiological Laboratories, Guy's Hospital.) 
Egg-albumen. We believe it is generally found that the preparation 
of crystalline egg-albumen by Hofmeister’s method is a matter of some 
difficulty. 3 

The process involves the following steps :— 

Fresh egg-white is thoroughly whipped into a froth and is then 

allowed to stand for 24 hours. It is then mixed with an equal bulk of 
saturated ammonium-sulphate solution and the mixture filtered from 
the precipitated globulins and mucoids, The filtrate is placed in 
shallow basins and is allowed to stand at the ordinary temperature. 
As evaporation proceeds the proteid separates in the form of globules of 
varying size. These are filtered off and re-dissolved, best in distilled water 
(Gabriel), and saturated ammonium sulphate solution is again added 
to the solution until a slight precipitate is formed. This is cleared up 
by the addition of a few drops of water and the solution is again allowed 
to stand in shallow dishes. The proteid again separates in the form of 
globules perhaps mixed with a few needles, but as a rule the process 
has to be repeated three or four times before any considerable propor- 
tion of needles is seen. Frequently it is found that the albumen 
remains obstinately in the form of globules and no true crystals can be 
obtained. 
_ We have been able to make a modification in. the process which, in 
itself of quite a minor character, has proved of the utmost importance 
in promoting the ease and rapidity of crystallization and in increasing 
the proportionate yield of the product. By introducing this slight 
modification we are able in fact to obtain large quantities of finely 
crystalline egg-proteid with great certainty, and in the course of 
twenty-four hours from the commencement of the operation. 


1 Hofmeister. Zeitschr. f. physiol. Chem. xv. 8, 165, 1892; Gabriel, ibid, xv. 
8, 459, 1891, 
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Upon adding to egg-white an equal bulk of saturated ammonium 
sulphate solution as directed by Hofmeister, the fixed alkali present 
in the proteid liberates a considerable quantity of ammonia, frequently in 
sufficient amount to produce a marked ammoniacal odour, and always 
enough to affect litmus-paper when this is held above the mixture. 

In preparing products by Hofmeister’s method we early came to 
the conclusion that this free alkali greatly interfered with the separa- 
tion of crystals; and we found that after careful neutralization with 
acetic acid the mixture when exposed as usual in flat dishes yielded a 
crop of crystals much more rapidly and satisfactorily than when not so 
neutralised. 

_. Further observations showed that, by working with a slight excess 
of acetic acid, the process becomes much easier still, and has the great 
advantage that absolutely no evaporation is required to produce crystals, 
while the yield is larger. . 
We have found that, working with fresh eggs, it is sufficient to add 
to the filtered mixture of egg-white and ammonium sulphate enough 
acetic acid to produce a slight permanent precipitate. It should be 
noticed that the very smallest excess begins to produce precipitation, 
and the acid should be diluted and added cautiously from a burette. 
It is well to wait between each addition so that a precipitate may be dis- 
tinguished from the bubbles of gas which are evolved from carbonates 
present. When a faint permanent precipitate remains the mixture is left 
to stand in a closed vessel. In 24 hours or less a large proportion of 
the proteid will have separated in microscopic rosettes of acicular 
crystals quite unmixed with amorphous material, and this in the entire 
’ absence of evaporation, and therefore wholly without fear of contamina- 
tion with ammonium sulphate crystals. 

Even if sufficient acid be added to produce a fairly bulky precipitate, 
there is, as a matter of fact, no necessity to filter it off, for it is a 
remarkable fact that this precipitate, though amorphous at first, becomes 
rapidly crystalline on standing. As time elapses the amount greatly 
increases and finally the whole product is found to be uniformly 
’ erystalline’. The use of acetic acid in the manner we have described 
renders the preparation of crystalline egg-proteid quite the simplest of 

ons. 

We shall best illustrate the exact details of the procedure which we 


process, on 


spontaneously change into needles. Joc. cit. 
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have found so efficacious by describing the steps of a preperation as 


actually carried out in practice: 


200 -c.c. of egg-white obtained from new-laid fowls’ eggs were mixed 
with an equal bulk of saturated ammonium sulphate solution, the 
latter being gradually added and the mixture stirred briskly with an 
egg-whisk between each addition. It was then allowed to stand over 
night. We find the preliminary whipping and standing of egg-white by — 
itself recommended by Hofmeister, to be quite unnecessary, so that 
a day’s delay may be avoided. But it is very essential that the 
membranes should be broken up at some stage in the process, and this 
is conveniently done by thorough churning during admixture with the 
salt. It is of advantage to allow the mixture to remain for a few 
hours before filtration. After standing the mixture was filtered, and, 
to the clear filtrate further saturated ammonium sulphate solution 


- was added until a permanent precipitate was obtained, 16 cc. being 


in this case necessary. Distilled water was then added from a 
wash bottle, a few drops at a time, until the solution was just again 
clear. It was then divided into two portions, each half being treated 
in a stoppered bottle with 10°/, acetic acid, the acid being added drop 
by drop from a burette. To the first half sufficient acid was added to 
produce a slight but definite precipitate, 6'2c.c. being required; to the 
second three or four drops were added in excess of this, being sufficient 
to produce a fairly bulky precipitate. The bottles were immediately 
closed, and 24 hours afterwards there was an abundance of precipitate 
in each. Examined microscopically under a 4 objective both precipi- 
tates were found to be uniformly crystalline. In the case where least 
acid had been added the precipitate was in the form of beautifully 
regular rosettes of needles; in the other it consisted of the same mixed 
with sheaths and fan-shaped aggregates of needles, exactly like those 
figured by Halliburton in Schafer’s Teat-Book of Physiology, 1. p. 44. 
There was absolutely no trace of amorphous admixture in either case, 
and no globules. Such results as these we have never failed to obtain 
when fresh eggs have been employed, and others have successfully 
repeated the preparation from our description. The needles are always 
small but remarkably free from admixture. | 

It is generally considered necessary that perfectly fresh eggs should 
be used for the purpose of crystallization. We have found those 


ordinarily to be bought at the shops as new-laid give perfectly reliable 


results; and, although the degree of freshness undoubtedly affects the 
ease with which crystals are to be obtained, we have secured quite 
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satisfactory preparations from the cheapest eggs in the market, rejecting 
of course such as are obviously decomposed. Our observations seem to — 
show that for some reason a somewhat greater excess of acid is desirable 
in the case of staler eggs, and it is better in all cases when the freshness of 
the egg-white is doubtful-to add to the mixture with ammonium 
sulphate enough acetic acid to produce a fairly bulky precipitate and 
then to allow the whole without filtering to stand in a closed flask. If — 
not fully crystalline in 24 hours it will certainly be so in 48, The | 
following account of a preparation actually made will illustrate this: 

200 c.c. of egg-white from cheap shop eggs were mixed under the 
conditions described above with an equal bulk of saturated ammonium 
sulphate solution, and, after 24 hours’ standing, the mixture was 
filtered. The filtrate was strongly ammoniacal. Further ammonium 
sulphate was added until there was a definite precipitate, and this was 
re-dissolved by the cautious addition of water. It was then acidified 
by the addition of 10°/, acetic acid drop by drop until a slight perma- 
nent precipitate remained (3'2 c.c. being required), and was put aside in 
a corked flask. After 24 hours the precipitate had scarcely increased 
(this is never the case with fresh eggs), so a further 0:25 c.c. of the 
dilute acid was added. This produced at once a considerable quantity 
of precipitate, which after another 24 hours had largely increased and 
was wholly crystalline. 


_ Crystallization in closed or loosely corked flasks can always be 
obtained when acid is used, and is in every way preferable to evapora- 
tion in flat dishes. Other conditions being the same there is always a 
greater tendency during evaporation to the formation of globules 
instead of needles, and for the separation of a certain amount of 
amorphous precipitate. .There is moreover always a liability for a 
scum of proteid to form on the surface of the fluid during evaporation 
which is often amorphous and difficult to separate from the crystalline 
precipitate. Without evaporation the crystals are always clean and 
free from amorphous admixture, while the yield is quite satisfactory 
and frequently very large. We have obtained as much as 40°/, of the 
original proteid in crystalline form. 

_ Recrystallization of the first product may be carried out with equal 
ease and with greater rapidity. If the first crop of needles be filtered 
off from the mother liquor and redissolved—it does not matter how 
little, nor, within reasonable limits, how much water is used ‘to re- 
dissolve them—recrystallization can be obtained in a few hours. The 
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solution is made very faintly acid’, with a few drops of the dilute acetic 
acid and some ammonium sulphate solution added until a faint turbidity 
is produced. On standing in a closed vessel rosettes of needles will 
deposit in course of the first 3 or 4 hours. In 24 hours a large propor- 
tion of the proteid will have recrystallized and will consist of pure 
needles. In the course of a week therefore the original products may 
be easily recrystallized five or six times. 

All the indications go to show that the effect of acid in promoting 
crystallization is not due to any hydrolytic or other destructive effect 
upon the original proteid. 

Whatever changes (if any) the contact with the strong saline fluid 
may produce in the original albumen before crystallization occurs’, we 
believe that the acid adds nothing to these. The needles obtained, 
though in the absence of evaporation they are apt to separate in more 

regularly formed aggregates, are essentially the same as those obtained 


without the use of acid. It should be understood moreover that the 


results we have described are to be obtained with an extremely small 
excess of acid, so small that it is difficult to believe it capable of exerting 
any destructive influence. 

The main influence of the acid is apparently in the direction of | 
neutralizing free alkali, which is certainly inhibitory in its effects, and 
tends to retain the proteid precipitate in the globular form. It is 
possible that, on acidification, the proteid is liberated from some loose 
combination with the alkali; or it may be merely that the saline fluid 
becomes a better physical menstruum for the process of crystallization 
when it is neutral or acid than it is when alkaline. 

But a secondary effect, requisite to explain the crystallization in 
closed vessels, is seen in the depression of solubility in the saline 
medium which the proteid undergoes when acid is in slight excess. 

The mutual influence of ammonium sulphate and acetic acid in the 
precipitation of egg-albumen presents interesting quantitative aspects. 
As in the presence of a large proportion of the salt, minute quantities of 
the acid may determine precipitation, so, in the presence of large — 


1 If acid was used in the first stage there is no actual need to acidify in the second. 
Adding a very few drops of acid before the ammonium sulphate, however, markedly 
diminishes the amount of salt necessary to produce turbidity and induce crystallization 
(vide infra). 

? We have ourselves obtained certain experimental iesults which suggest that Hof- 
meister’s crystals consist of smaller molecular aggregates than the original amorphous 
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amounts of acid, very minute additions of the salt will throw the proteid 
out of solution. 

It is of course well known that, in the presence of certain salts, 
acetic acid will precipitate albumens; but we believe it has not been 
int’ thie. domaection ‘how minutes quantity of ammonium 
sulphate will act as a precipitant of egg-albumen if acetic acid be first 
added in considerable quantity. Slight preliminary acidification of a 
solution will greatly reduce the quantity of salt necessary to precipitate 
it, and with increase of acid, within certain limits, the requisite amount 
of salt becomes less and less. The maximum influence of the acid is 
felt when about 30°/, HA is present; after this proportion is exceeded, 
more salt becomes necessary for precipitation as the acidity increases, 
though the amount remains enormously less than in the absence of 
acid. | 

If to a one per cent. solution of egg-albumen sufficient glacial acetic 
acid be added for the solution to contain 30°/, of the latter, subsequent 
admixture with at most 0°4°/, of its bulk of saturated ammonium 
sulphate solution will produce visible precipitation, something like ,},th 
of the amount requisite when acid is absent. If it be mixed with 2 or 
‘3 per cent, of its bulk of saturated ammonium sulphate solution pre- 
cipitation in such an acid mixture becomes very nearly complete. 
These facts have an important bearing upon any theory of the influence 
_ of salts upon proteid precipitation. For instance, whatever the pre- 
liminary effect of the strong acid upon the albumen, the acid solution 
by itself of course remains perfectly clear, and it is very unlikely that 
the minute proportion of ammonium sulphate subsequently producing 
precipitation could involve any dehydrating effect. 

For the purpose of this paper it is of chief interest to note that the 
precipitates produced by the small proportion of salt in the presence 
of a large amount of acid remain amorphous even on long standing; in 
marked contrast to those formed with a large proportion of salt and a 
very small proportion of acid, which, as we have shown, are apiained 
crystalline with extraordinary ease. 

Serum Albumen. When horses’ serum .is mixed with saturated 
ammonium sulphate, as in Giirber’s process for the preparation of 
crystals of serum albumen, there is, as in the case of egg-white, an 
abundant production of free ammonia; and, as with the ovalbumen, we 
have found that neutralization of the free alkali with acetic acid 
greatly assists crystallization. Acidification does not it is true lead to 
such remarkably rapid results as may be obtained with the egg-proteid ; 
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‘but it greatly simplifies the process nevertheless, and enables crystals 
to be obtained from any specimen of horses’ blood. Instead of using 
serum prepared from whipped and thoroughly centrifuged blood, which 
appears to be absolutely necessary when ammonium sulphate is em- 
ployed alone, serum simply pipetted off after clotting may be employed, 
and excellent crystals may be obtamed from oxalate plasma. With 
somewhat greater difficulty we have obtained fine crystals from dogs’ 
serum. 

The serum or plasma, freed from globulin by admixture with an 
equal bulk of saturated ammonium sulphate solution, and after filtering 
in the usual manner, is mixed with a further quantity of the salt 
_ solution until just turbid, the precipitate being redissolved by a minimal 
addition of water. Dilute acetic acid is then added very cautiously 
until a definite precipitate is again formed, and in this state the 
mixture is allowed to stand in closed flasks. The formation of crystals 
may not begin for some days, but within a week we have not failed to 
obtain a crop of needles, and the proportion of crystals to amorphous | 

material continues to increase on standing. They are seen usually in 
preparations from horses’ blood as aggregates shaped like palm leaves 
mixed with isolated needles of exceptionally large size. 

On one occasion, working with ordinary serum pipetted from the 
clot, we evaporated in flat dishes after faintly acidifying. We then 
obtained crystals exactly agreeing in form with some kindly sent to us by 
Dr Sheridan Lea which he had himself prepared by Giirber’s method. 
In our preparation the needles commenced to form within 24 hours, 
were abundant within 2 or 3 days, and from the first showed but slight 
admixture with amorphous material or globules; when once recrystal- 
lized they were quite pure. 

We might add here that whenever evaporation is resorted to, so 
that some danger of confusing ammonium sulphate crystals with those 
of the proteid arises, it is useful to run a minute amount of such a stain 
as carbol-fuchsin or methylene blue under the cover-glass of a slide 
preparation. The proteid crystals take up the stain with great avidity 
and stand in marked contrast with ae —r ammonium sulphate 
rystals if such be present. | 
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EXPERIMENTS UPON THE OSMOTIC PROPERTIES OF 
THE LIVING FROG’S MUSCLE. By ELIZABETH 
COOKE, Ph.D. (Three Figures in Text.) 


In 1894' I began a series of investigations with a view to determining 
what is the rdle that osmosis plays in the animal muscle, and what 
differences in osmotic phenomena are determined by the different con- 
ditions to which living muscles are subjected. These investigations 
which were carried on during the years 1894 and 1895 form the 
subject of the following paper. 

_ They have been confined entirely to the muscles of the frog. 

Ranke’ had shown in 1865 that if one side of a frog’s body be 
tetanised while the other side remains at rest, the muscles of the 
tetanised side contain more water than the muscles of the resting 
side, and that the greater the work done the greater was the increase 
in the contained water. That this was a phenomenon of osmosis, and 
not a result of increased water formation due to oxidation processes 
within the muscle, was shown by the fact that in proportion as the 
muscles se the blood lost water. 


My first set of experiments were made with a view to determining 
what are the osmotic properties of the resting muscle. I used through- 
out the gastrocnemius of the frog. By means of sodium chloride 
solutions of different concentrations I sought for a solution isotonic 
with the resting frog’s muscle, and though there were slight in- 
dividual differences, owing to the temperature and probably to the 
season and the condition of the animal, the isotonic solution was 
found to consist for room temperature of about 0°8 parts by weight 


1 The results which I obtained concerning the effect of fatigue upon the osmotic 
properties of the muscle have already been mentioned by Prof. Loeb in support of a new 
theory of the origin of the growth of the muscle through activity. See Archiv f. d. ges. 
Physiologie, tv1. 8. 270, 1894. 

2 Tetanus. Leipsic, 1865, 
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of sodium chloride to 100 volumes of water. The differences observed 
for muscles from the same individual were nearly always so slight 
as to fall within the limits of experimental error, while the differences 
for muscles from different individuals varied for the most part less than 
0:1°/,, the isotonic solution lying usually between 0°75°/, and 0°85°/,, 
though it occasionally rose as high as 0°9°/. The method of de- 
termination was as follows. The gastrocnemius was removed from 
the leg, care being taken not to injure the fibres. The tendon of 
Achilles was cut off near its upper end and in all cases as nearly as 
possible at the same point. The muscle was placed between two — 
watch-glasses and weighed carefully. It was then placed in a solution 
of sodium chloride, carefully covered and allowed to remain for one 
and one-half hours, It was then removed, hastily dried between two 
bits of filter-paper and re-weighed. The point at which it neither 
lost nor increased in weight was, as has been stated, for room tem- 
perature about 0°8°/,. 

A series of experiments was next made to determine the effect 
upon the muscle of solutions of sodium chloride having greater and 
less concentrations than 0°8°/,. The solutions differed as a rule by 
0°1 of one per cent. ranging from 0°05°/, to 4°/,. I first investigated 
whether or not muscles placed in hypotonic solutions took up water 
according to the laws of osmotic pressure as determined for two so- 
lutions having the same concentration as the muscle and the solution 
used. I was obliged, in this case, to regard the muscle as having the 
same osmotic pressure as a 0°8°/, NaCl solution and to estimate 
the pressure for a solution equal to the difference in concentration 
between the muscle and the solution in which it was placed. To 
take a simple case: if a muscle having an osmotic pressure equal 
to a 0:9°/, NaCl solution be placed in a solution of 0°5°/, NaCl, the 
excess of the osmotic pressure in the muscle over the pressure in the 
solution is equal to 0°4°/,, and if the same muscle be placed in a 
0:1°/, solution of NaCl the difference in the two pressures is equal 
to 0°8°/, Hence according to Boyle’s law the osmotic pressure exerted 
by the muscle in the latter case must be twice the pressure exerted 
in the former case. But besides the difference in pressure the velocity — 
of diffusion will be in the latter case greater than in the former case, and 
as the two systems will not have reached a state of equilibrium during 
one and one-half hours this has also to be considered. It was im- 
possible in the cases which I observed to calculate the difference 
in velocity, since I could not by the methods of which I made use 
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determine what was the osmotic pressure of the muscle at the end of 
an hour and a-half, but it could not in any case have been twice as 
great for the 0°1°/, solution as for the 0°5°/, solution. Hence, calling 
‘the osmotic pressure of the muscle in a 0°5°/, solution 1, that of the 
muscle in a 0°1°/, solution 2, and the velocity of diffusion in the 0°5°/, 
solution 1, the velocity in the 0°1°/, solution will be something less than — 
2, hence the amount of water taken up by the muscle in the 0'1°/, 
solution must be less than four times the amount taken up in the 
0°5 °/, solution. But the amount must be diminished by two factors. 

(1) The greater the dilution of a sodium chloride solution the 
greater the dissociation of the molecules, hence the osmotic pressure 
of very dilute solutions is always relatively greater than the pressure 
of less dilute solutions, and instead of the proportion 


(2) Owing to the greater velocity of diffusion in a 0°1°/, solution 
than in a 0°5°%/, solution the internal friction will be greater in the 
muscle immersed in the 0°1°/, solution, in consequence of which the 
amount of water taken up will be correspondingly diminished. Hence © 
an ideal muscle behaving like a sodium chloride solution of 09 °/, 
_ would, if placed in a 0°1°/, solution of NaCl, take up an amount of 
water considerably less than four times the amount which it would 
take up if placed in a solution of 0°5°/, NaCl. 

The results of investigation demonstrated that the actual enenie 
took up in a solution of 0°1°/, more than seven times as much water 
as in a solution of 0°5°/,. Phe results obtained with hypotonic solftions 
can best be stated in the form of a curve in which the ordinates 
represent amounts of water taken up, and the concentrations of the 


_ sodium chloride be represented by the abscissa line. Fig. 1 shows 


such a curve constructed from the mean of a number of experiments. 

A glance at the curve will show that for solutions near the isotonic 
point the amount of water taken up increases slowly with the increasing 
dilution of the solution, but as the solutions become more dilute the 
amount of water taken up increases at a rate far greater than the 
rate of dilution of the solution. 
| This departure of the muscle from the conduct of a sodium chloride — 

solution with which it is isotonic must be due to changes taking place 
in the musele in consequence of the taking up of water. As to the 
nature of these changes it can only be said that the entrance of water 
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into the muscle cells appears to give rise to dissociation processes in 
consequence of which the osmotic pressure within the muscle is in- 
creased. These dissociation processes do not proceed part passu with 


Fig. 1, 


an increase in the osmotic pressure of the system, in other words, each 
increment of water taken up gives rise to an acceleration of the 
dissociation processes, so that if we represent the osmotic pressure in 
the rfiuscle in the form of an equation p=a+/(y) where a represents 


the initial pressure, and f(y) the pressure due to the increase in the 


number of ions dependent upon dissociation processes within the muscle, 
F(x) must be considered not as a constant function ~ as an increasing 
function. 

The loss of water observed in muscles placed in OED solutions 
by no means followed the same regular course as did the gain of 
water by muscles placed in hypotonic solutions. Indeed it sometimes 
happened that a muscle took up water from a solution considerably 
above the isotonic point. This irregularity, which at first occasioned 
some surprise, became very clear in the course of experiments presently 
to be described, which were made to determine osmotic pressure in 
fatigued muscle. The irregularities grew out of the fact that muscles 
placed in hypertonic solutions were usually stimulated by the solution 
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to more or less violent and prolonged contractions, and the osmotic 
pressure within the muscle, as will be shown later, is powerfully 
influenced by the production of fatigue substances. 


IT, 


Donders' and Hamburger found that solutions isotonic with | 
blood corpuscles at 0° were isotonic with the same at 34°. In the case 
of solutions of substances which do not dissociate, as for example cane- 
sugar, this would mean that the osmotic pressure in both systems was 
increased at the higher temperature by the factor 1+ at; while in the 
case of solutions in which dissociation does take place, if there were any 
increase in the number of ions in the solution used consequent upon 
_ the rise in temperature, there must have been a corresponding amount — 
of dissociation within the blood corpuscle, since the systems in equi- 
librium at 0° remained in equilibrium at 34°. 

Experiments were made to determine whether it was the case for — 
the muscle as Donders and Hamburger had found it to be for the 
blood corpuscle, that for solutions with which it was isotonic it remained 
isotonic irrespective of changes of temperature. A number of experi- 
ments were made at temperatures varying between 6° and 26° degrees, 
but the fullest series was made for 9° and 19°. The method was as 
follows. The two gastrocnemii were removed under conditions as 
nearly identical as possible, weighed, and the one kept for one and one- 
half hours in a sodium chloride solution maintained at 9°, while the 
other was kept during the same time in a sodium chloride solution of 
the same concentration maintained at 19°. Unlike the results obtained 
for blood corpuscles it was found that in the muscle the osmotic pressure 
increases with an increase in temperature by a factor greater than 
1+at. In other words, a muscle at 19° took up water from a solution 
isotonic with a muscle at 9°, thus making evident the fact that with a 
rise in temperature there takes place an increase in the osmotic pressure 
within a muscle greater than the increase in osmotic pressure brought 
about by the same rise in temperature within a solution of sodium 
chloride. On the other hand, a muscle at 9° lost water to a solution 
isotonic with a muscle at 19°, that is to say, with a fall in temperature 
the osmotic pressure within the muscle is diminished by an amount 
greater than the factor 1+at. This result was indeed to be expected. 
All that we know of the metabolism of the muscle leads us to believe 


1 Onderzoekingen gedaan in het physiologisch Laboratorium der Utrechtsch Hoogschool 
(3) mx. 26, | 
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that, with a rise in temperature, there takes place an acceleration of 
certain splitting-up processes within the muscle which would — in 
an increase in its osmotic scart 


In order to determine the changes in irritability of the muscle 
consequent upon the loss or gain of water I made use of the following 
method. Both gastrocnemii of a frog were removed, and left covered 
with the skin of the thigh in order to prevent evaporation. The 
threshold of stimulation being determined for each, one was removed 
from the skin and placed in a sodium chloride solution, while the other 
was placed between folds of moist filter-paper and covered with a 
bell-jar. At the end of an hour and a-half the threshold was again 
determined. It was found that for the muscle allowed to simply rest 
for one and one-half hours there was a slight constant decrease in 
irritability. The muscle immersed in a sodium chloride showed also a 
decrease in irritability and in the following manner. The irritability 
was at a maximum with solutions of 0°7°/, NaCl—though this maxi- 
mum was less than the irritability of the fresh muscle. It decreased 
rather slowly with solution 0°7 °/, to 0°4°/,, when it began to decrease 
rapidly (0°4°/, to 0°1°/,). With solutions above 0°7°/, the decrease in 
irritability was a much more rapid one. For muscles which were placed 
in 0°7°/, NaCl, and had consequently taken up small quantities of 
water, the decrease in irritability was less than for muscles which had 
simply been removed from the frog’s body for the same length of time. 
From this we must conclude that increase of water up to a certain 
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point increases the irritability of the muscle; that beyond this point 
any increase in the amount of water in the muscle decreases the 
irritability, while loss of water by the muscle always decreases its 
irritability. These changes are represented in the form of a curve in 
Fig. 3, where the ordinates represent the irritability of the muscle and 
the strengths of the solutions are represented upon the abscissa line. 
The ordinates for the normal irritability and for the irritability of 
the muscle which has simply been removed from the frog’s body for 
one and one-half hours being constants these irritabilities will be 
represented by straight lines parallel to the abscissa. For the muscle 
immersed in sodium chloride the greatest value of the ordinate is at 
0'7°/,, and this it must be noticed is greater than the value of the 
ordinate for the muscle which has not been placed in solution. 


The effect vane the resting muscle of salt solutions of different 
concentrations having been determined I undertook to determine 
whether, and if so in what way, the osmotic pressure in the muscle 
is influenced by different forms of activity. In the first series of 
experiments I investigated the effect of fatigue upon the taking up of 
water. The method of procedure was as follows: the two gastrocnemii 
were excised and while one, covered with the skin, was left between 
moist filter-paper, its fellow was hung up without load, and stimulated 
for twenty minutes with an interrupted induction current. During 
the first part of the stimulation the muscle remained strongly contracted, 
and then gradually relaxed to its original length. The two muscles 
were then weighed and each was placed in a dish containing a solution 
of sodium chloride. .It was found in every case that the osmotic 
pressure had been increased in the tetanised muscle. The following 
table contains the figures obtained when the muscles had been’ im- 
mersed in a solution of 0°2°/, NaCl at a temperature of 22°. | 


Weight Gain °/, of Weight Gain °/, of 
in mgs. inwt. gain in mgs. inwt. gain 
Resting M. 2932 356 118), M. 1007 313 3i 
I, {Patigued M. 2850 5290 jem. 1031 489 47 
il R, M. 1235 315 25 V M. 4069 544 13 
M. 1225 474 38 TR M4081... 689 17 


5049 824 16 
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In a series of control experiments where the two gastrocnemii 
were submitted immediately after removal to the same solution of 
NaCl. the maximum differences in the amount of water taken up 
by any two muscles from the same frog amounted to 1 °/, of the original 
weight. Here the differences amount to as much as 18°/, and they 
are always in the same sense, namely, an excess in the amount taken 
up by the fatigued muscle. In the case of hypertonic solutions this 
process, as. was expected, was reversed, 7.¢. the fatigued muscle lost 
less water than its fellow. The isotonic solution was of course no 
longer the same for both muscles, and in a 1°/, solution the fatigued 
muscle stil] continued to take up water, the isotonic solution being 
apparently about 1°1°/,, which if 0°8°/, be taken as the normal, repre- 
senting a difference of 0°30°/, in the solutions of NaCl isotonic for 
resting and for fatigued muscles. 

It will be seen from the preceding table that individual pairs of 
muscles show great differences in the amount of water taken up. As 
has been previously stated these differences appear to be dependent, 
in @ measure, upon the season and the condition of the frog, but the 
greatest differences are due to differences in the size of the muscle. 
In the case of large muscles the internal mass of the muscle is greater 
in proportion to its external surface than in the case of small muscles, 
consequently the rate of diffusion as compared to the mass of the 
muscle would be much less in the case of the large than in the case _ 


of the small muscle, Hence it follows that the amount of water lost 


or taken up by the muscle is a function not simply of the mass of the 
muscle or of its surface but of the proportion between these two. — 


I made a number of experiments to determine the effect of the 
load and of the time of stimulation upon the osmotic pressure within — 
the muscle. As to the effect of the load I found that the increase 
in osmotic pressure varies with the load in the same way that the 
ability to do work varies with the load, 7.¢. an increase in the load 
up to a certain point determines an increase in the osmotic pressure, 
while beyond this point an increase in the load determines a decrease 
in osmotic pressure. Whether or not the point at which the maximum 
increase in osmotic pressure is obtained is identical with the optimum 
load for the working muscle I did not attempt to determine. As to 
the effect of the time of stimulation upon the osmotic pressure I 
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found that up to the point of fatigue the osmotic pressure increases, 
but this increase by no means varies directly with the time, being 
most rapid at the beginning and increasing very little towards the 
point of complete fatigue. The character of the increase is represented 
graphically in the following curve, Fig. 3, the time of stimulation being 
marked upon the abscissa line and the increase in = sated pressure 
being represented by the ordinates. 


° 10° 20° 30° +o 30" 60° 70° 80° 


Fig. 3. Illustrating the rate at which the taking up of water varies with 
_ the time of stimulation of the muscle. 


Identical experiments were made upon muscles stimulated by 
single shocks instead of by the interrupted current. It was found 
that a muscle which had performed work by means of single con- 
tractions had, like a tetanised muscle, a higher osmotic pressure than 
a resting muscle; that the pressure increased with the load up to 
a certain point and beyond this point decreased with any addition of 
the load. The amount of load necessary to bring about a maximum 
increase in the osmotic pressure within the muscle was found, how- 
ever, to be much greater when the muscle was stimulated with single 
shocks than when it was tetanised. As was the case in the tetanised 
muscle the increase in osmotic pressure continued up to the point 
of complete fatigue. However, the curve representing the increase 
in osmotic pressure with the time of work is not the same if the work 
be performed by means of single contractions as if it be performed 
by tetanic contractions. In the former case the increase in osmotic 
pressure is not so rapid during the first few moments of stimulation, 
but increases much more gradually during the first half-hour and 
then very slowly up to the point of fatigue. 
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VI. 


The question naturally arose as to whether the foregoing changes © 
in the osmotic pressure of the muscle were a result solely of changes 
in the muscle due to muscular work, or whether they might be due 
wholly or in part to the passage of an electric current through the 


muscle. In order to determine whether or not the electric current 


in itself played any rdle I hung up a pair of muscles, determined the 
threshold of irritability, and allowed a current slightly weaker than 
one which gave the faintest possible contraction to flow through one 
muscle during one and a-half hours while the other muscle remained 


at rest. 


There never was the slightest change in the osmotic pressure due 
to the passage of the electric current, but the possibility still remained 
that an electric current too weak to cause a contraction might be 
without effect upon the muscle while a stronger current would not 
be indifferent. To investigate this possibility I hung up two muscles 


with the same load, and stimulated both to fatigue by means of the 


same electric current. I then removed one muscle from the circuit 
and allowed the current to pass through the other for an hour and 


_a-half, but without obtaining any differences in the osmotic pressure 


of the two sets of muscles. Hence we must conclude that the electric 
current, as such, is unable to determine any of those decompositions 
in the muscle which lead to variations in its osmotic pressure. 


VIL 
In the preceding experiments I investigated some of the changes 


which take place in the muscle when it performs mechanical work. 


These changes, as has already been stated, consist in an increase 
in the number of ions within the muscle in consequence of which its 
osmotic pressure is increased. It seemed an @ priori conclusion that 
a like increase in osmotic pressure would be determined by internal 
work of the muscle, and such indeed I found to be the case. 

I arranged two muscles for stimulation, one with a light load and the 
other with a load of four kilos, which was far heavier than the maximum 
load for the muscle. The four kilos were supported upon a horizontal 
bar in such a way that the smallest shortening of the muscle 
must lift them from their support. The muscles were then stimulated 
until the one which was able to contract was fatigued and both were 
then placed in a solution of sodium chloride. The muscles which had 
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done no mechanical work had the same osmotic pressure as those 
which had done mechanical work. That the former were completely 
- fatigued was demonstrated by the fact that after removal of the load 
no contraction could be brought about by further stimulation. Thus 
it may be stated, that in so far as the decompositions resulting from 
complete fatigue can be determined from the changes in the osmotic 
pressure of a muscle, those decompositions are quantitatively equal 
whatever be the source of the fatigue. 

In these experiments I dealt with the internal work of the muscle 

when stimulated to contract against a load which it was unable to lift, 
but there remained another kind of internal work to be investigated, 
namely, the work done by a muscle in its resistance to being stretched 
out by a load. I hung up two muscles, one of which remained without 
load and to the other of which I suspended a load during one hour. I 
varied the load between 100 and 1400 grams; I found that for the 
muscles that I used, and which weighed as a rule about one gram, no 
change in the amount of water taken up from an 0°4 °/, NaCl solution 
was determined by loading up to the point where the load neared 
200 grams. At that point a slight increase in the amount of water | 
taken up by the loaded over the non-loaded muscle began, and this 
increase continued slowly up to about 500 grams, and from that point 
more rapidly up to 1400 grams. 
_ This increase in the amount of water taken up might result from 
either of two causes. First, it might be owing to chemical changes 
in the muscle which resist the stretching out, t.¢., to an increase in 
osmotic pressure consequent upon internal work, or it might be due 
to a purely physical cause, namely, an increase in the size of the 
interstitial spaces of the muscle consequent upon the stretching to 
which it had been subjected. If the latter were the cause it must 
occur that stretching out a muscle after it had been fatigued, 1.¢., after 
no further increase in the osmotic pressure of the muscle was possible, 
must still result in an increase in the amount of water taken up by 
the muscle. 

To ascertain whether or not this were the case I fatigued two 
muscles in the following manner: I stimulated both under a load of 
150 grams for twenty minutes, then for twenty minutes under a load 
of 70 grams, and for twenty minutes longer without load. At this 
point though both muscles were completely fatigued they had returned 
to their original length. One muscle was then loaded with weights 
varying from 700 to 1000 grams and the other muscle remained 
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suspended without load. At the end of an hour they were placed in 
0°4 °/, NaCl solution and after an hour and a-half the amount of water 
taken up was in all cases nearly the same, varying slightly first on one | 
side then on the other. 


SUMMARY AND CONCLUSION. 


The chief points demonstrated in the course of these experiments 
may be briefly recapitulated as follows. — 

1. A muscle immersed in a hypertonic sodium chloride solution 
does not behave according to the laws of osmotic pressure governing 
two solutions having the pressure of the immersing fluid and the fluid 
which is isotonic for the muscle, but owing doubtless to splitting-up 


_ processes within itself consequent upon the taking up of water the 


muscle behaves like a solution having a higher osmotic pressure than 
the solution for which it is isotonic. 

2. A rise in temperature determines an increase in the osmotic 
pressure within the muscle, and this increase is greater than the — 
increase which would result from the given rise in temperature in a 
solution the molecules of which do not dissociate. | 

3. In a muscle which has been removed for some time from the body 
a loss of water decreases the irritability of the muscle, and a taking up 
of water, up to a certain point, increases the irritability; beyond that 
point the taking up of water decreases the irritability of the muscle. 

4. A muscle which has done work has a higher osmotic pressure 
than a resting muscle. The greater the fatigue the greater the increase 
in osmotic pressure. 

5. The increase in the osmotic pressure consequent on fatigue is 
due not to any change in the physical properties of the muscle but to 
chemical changes within the muscle. 

For the sake of simplicity I have hitherto refrained from speaking 
of the fact that in the preceding experiments I had to deal not only 
with phenomena of osmosis but with phenomena of diffusion as well, 
since the muscle tissues are to some extent permeable for the molecules 


of salts. Nevertheless, this fact in no way invalidates the foregoing 


conclusions, since the observations were made by determining, in the 

first place, a solution isotonic for the muscle, and then comparing its 

behaviour in solutions of greater and less concentration with its 

behaviour in the isotonic solution, However, although it was not 

requisite for my purpose to determine what constituents were lost by 
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the muscle, it is conceivable that in regard to. one point with which I 
have dealt, namely, irritability, this question may be of importance, 
and it is my intention in a set of experiments which I purpose to carry 
out to decide this point more definitely. I also hope to investigate the 
result of changes of temperature more fully, particularly to do a number 
of experiments at very low temperatures. 

The facts which I have thus far been able to determine seem to me 
interesting chiefly as being a slight increase in our knowledge of the 
behaviour of the muscle in relation to one set of forces, namely, 
osmotic forces, That osmotic forces play a very great réle in actual 
life phenomena there can be no doubt, but whether or not osmotic 
phenomena are of great significance in the muscle, and if so in what 
way they are significant, must be for the most part determined by 
future investigations, I have already alluded to Loeb’s’ theory of the 
ofigin of growth through activity, It may very well be as he supposes 
that growth is brought about by the increase in osmotic pressure 
consequent upon the dissociations arising from muscular work. Koeppe’ 
has recently pointed out that contrary to our hitherto received ideas 
the salts furnish a supply of energy to the body. If Loeb’s theory be 
correct this molecular energy is instrumental not only in transporting 
material from place to place but in bringing about growth. 

That osmosis plays a réle in phenomena of irritability has been 
shown by Loeb? in his experiments upon the ova of sea-urchins. He 
was able at will to accelerate or retard segmentation by decreasing or 
increasing the concentration of the sea water. Schively‘ through the 
same means was able to quicken or to slow the respiratory movements 
of fundulus. My experiments show that the muscle cell obeys the 
same law, namely, that an increase in the water in the cell within 
certain limits determines an increase in irritability, while a diminution 
in the water of a cell determines a decrease in its irritability. 

In conclusion I wish to express my sincerest thanks to Professor 
Loeb, whose advice and encouragement have been of invaluable — 
assistance to me throughout this work. 


1 Archiv f, d. g. Physiologie, 8, 567, 1894. 
2 Archiv f. d. 9. Physiologie, ux1. s. 567, 1896. 

3 Journal of Morphology, vm. p. 25, 1892, 

4 Archiv f. d. g. Physiologie, trv. 8. 581, 1893. 
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ON THE SEQUENCE OF CERTAIN CHANGES IN 
THE URINE PRODUCED BY EXERCISE AND BY 
TURKISH BATHS. By G. 0. GARRATT, MB. Cantab. 


(From the Laboratory of the London Fever Hospital.) 


EvER since the experiments of Voit on dogs, and of Fick and 
Wislicenus on themselves, overthrew the theory of Liebig that 
muscle metabolism is the source of muscle energy, it has been 
generally accepted that this energy is provided at the expense, chiefly 
if not entirely, of non-proteid material. That some increase in the 
metabolism of proteid may however occur has been shown by many 
observers, such metabolism causing increased excretion of urea and 
sulphuric acid, and, under certain conditions at any rate, of uric acid 
and other extractives, of phosphoric acid, and of pre-formed ammonia. 
References to the literature will be given when these excretions: are 
separately considered. 


The aim of this paper. 


My endeavour has been, not indeed to show what changes in the 
- urine result from exercise, for I could not hope to add to what is 
common knowledge in this respect, but to demonstrate the order and 
duration of the more important of those changes. It has seemed to 
me that this point may be of some moment, for it is probable that 
the symptoms, if any, produced by the circulation in the blood of waste 
products of metabolism, will depend more’ upon the amount thereof 
present in this fluid at a given time, than on the total quantity that 
may pass through it during a comparatively prolonged period. 


Method adopted in the experiments. 
I have selected for this purpose bicycling exercise, because it 


- entails numerous rapid contractions of many large muscles, with, in 


myself, relatively little fatigue, and in cool weather little sweating. 
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This form of exercise has been pushed to what is, for the writer, about 
the limit of strictly physiological exertion, but not so far as to produce 
effects which might be considered pathglogical, such as have sometimes 
followed similar experiments in others, Finally, the excretion of this 
period of exercise, absolutely separated, has been compared with that 
of others before and after it, samples having been collected six hourly 
or even two hourly over a considerable time. Turkish baths were 
taken to compare their effects with those of exercise; and the results 
of meals, ordinary and isolated, have also been studied for the same 


purpose. 


Details of the exercise experiments (see Tables 1—6). 


Six bicycle rides were taken, three of 80, one of 71, one of 47, and 
one of 41 miles. They were over fairly level roads, on a bicycle 
weighing 45 Ibs, the speed averaged in all but the last, which was 
slower, being about 144 miles an hour. MHalf-an-hour’s rest was 
allowed during the longer but none during the shorter rides. All 
were directed straight out, and back the same way, in order to 
neutralize the wind, a potent factor, as much as possible. They were 
also as far as the distance allowed over the same route, and the roads 
were m uniformly good condition except for the last ride. The weather 
was distinctly warm for No. 4 only, cool or even cold for the others, 
especially No. 6. Sweating was therefore inconsiderable, except during 
No. 4, and was not profuse then. The writer is accustomed to cycling, 
and was in unusually good condition for this exercise, except perhaps 
in ride No, 6, which was preceded by a comparatively long sedentary 
interval: his weight is 114 stone. On no occasion was such fatigue 
induced as to spoil appetite or prevent work, and slight muscular 
stiffness followed ride 3 only. These points are of importance in 
estimating how far my results were due to want of training. _ 


Details of the sweating experiments (see Tables 7—10). 

, Seven Turkish baths were taken, two in pairs to correspond to the 

longer, and three singly to correspond to the shorter rides. The double 
baths occupied one and a-half and one hour, with an interval of three 
hours between, and the single baths about one hour and three-quarters 
each. This time was spent chiefly in a room of a temperature of — 
170°—175° F., and very copious sweating, much exceeding that during 
any of the rides, was invariably induced. | 
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Diet during the experiments. | 

On the days before and after the rides and baths, and on all three 
days in experiment No. 8, the diet consisted of a breakfast of eggs, 
bacon and bread, a lunch of fish or meat and pudding, an ordinary 
meat dinner at 7.0, and some milk and bread and butter at bed-time. — 
On the days of the rides and baths, the meat or fish of lunch was 
replaced by milk, and the pudding by biscuits, three pints of milk and 
two eggs being taken for the longer rides, and one pint before the 
shorter rides and baths. Meat taken in the middle of a long and fast 
ride is liable to be followed by symptoms of exhaustion just as if no | 
food had been taken, in fact it is I believe imperfectly digested. 
Otherwise the diet was about the same each day, except that greens 
rich in sulphur were probably responsible for the high level of sulphates 
in Tables 1 and 2, as compared with that on other similar days when 
they were avoided. I regret that no fixed and analysed diet was used, 
but the results are still very uniform, so that I trust that no large 


_ error has been introduced by the omission. — 


Details of the experiments upon the effects of meals 
(see Tables 11—13). 

The meals in experiments 11 and 12 were such as I have just 
described, but in 13 an interval of 18 hours without food preceded the — 
meal, which was a large one and included more meat than usual at 
dinner. Nothing but some tea at 4 and coffee at 8 was then taken — 
for 104 hours, 


Scope and methods of analysis. 

I have estimated the following excretions only. Urea by the 
simple hypobromite process, using a 50c.c. Lunge nitrometer, and 
calculating the result by MHiifner’s formula. Duplicate samples, 
estimated side by side in the first series, gave such uniform results, 
that single samples only were afterwards taken. Acid using phenol- 
phthaleine as indicator, Uric acid by the process of Hopkins. Total 
phosphates by that of Neubauer. Chlorides by that of Mohr. Total 
sulphates gravimetrically as BaSO, except in experiments 12 and 13, 
when they had to be done volumetrically. The results are in all cases 
given as two hourly averages, water im cubic centimetres, uric acid in 
centigrammes and the rest in decigrammes. Two hourly samples had 
to be diluted before analysis, and were — made up to 250 c.c, 
with distilled water. 
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Effects of an isolated meal, Two hourly analyses. 


Uric 
Hours Water Acid Urea acid P20; 80s, Cl 


216 9 818 56 64 

9-11, 119 «4 26 #68 18 
14-34 86 18 199 74 %8 15 48 Meal 

19% 936 OOF 19 19: 69 
9-11, 98 238 21 88 19 #19 59 


SUMMARY OF THE RESULTS SHOWN IN THE FOREGOING TABLES. 
A. The effects of Exercise. 


1. On urinary water, This scarcely calls for comment, a decided 
fall therein being in itself sufficient to cause changes, I endeavoured 
to avoid this result by drinking water freely, and was fairly successful. 

2. On Urea. During the ride a small fall usually occurs in the 
excretion of this body, but after it there is a constant and conspicuous 
rise, commencing at once, and reaching a maximum of even double 
the normal within twelve hours. A fall then gradually ensues which 
is scarcely completed within thirty hours of the end of the ride. This 
rise is very much greater and more abrupt than that occurring even 
after a large isolated meal, and though reinforced by food, it is not | 
prevented in Experiments 5 and 6 by abstention from it. This result 
agrees with that obtained by North’, and recently by Dunlop, Noel 
Paton, Stockman and Maccadam* Similar results have been 
obtained by other observers reference to whom will be found in the 
paper of those last named. The slight fall during the ride would not 
appear in a 24 hours mixed sample, hence these authorities do not find 
it. On the other hand Parkes’, taking 12 hourly samples, found 
a distinct fall in nitrogenous excretion during exercise, but the exercise 
was less violent, and the after rise also less. Haig‘ indeed frequently 
finds a fall in urea excretion on the day of exercise even in a 24 hours 
sample, especially when a meat diet is used and fatigue results, and 

1 Proc. Roy. Soc, xxxvi, p. 11. 1883, 2 This Journal, xxu1. p. 68. 1897, 


8 Proc, Roy. Soc. xvi, p. 44. 1867. 
‘ Uric Acid and Disease, 4th ed. p. 268. 1897, 
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he attributes both the fall in urea and the fatigue to increased 
circulation of uric acid. This result agrees closely with that obtained 
by Parkes in subjects upon a non-nitrogenous diet, he found in them 
a decided fall in urea, but a relative rise in non-ureal nitrogen, while 
considerable fatieue resulted. It is difficult to avoid the inference 
that Haig cannot digest meat, and that his results are those of 
nitrogen starvation, the uric acid coming from his own tissues con- 
sumed to supply the deficit. The sudden onset of fatigue which he 
describes is, in my experience of 15 years of cycling, nearly always due 
to want of food, and can often be avoided by taking it in time in a 
readily assimilable form. Of Haig’ s charts on this subject the most 
conspicuous fall in urea occurs in No. 39, where it accompanies a 
similar fall in uric acid, while in chart 41 uric acid indeed rises, but 
so does urea. In all my tables urea and uric acid rise together 
immediately after the ride. 

3. On Uric Acid. This goes on the whole with urea, there § is the 
same fall during the ride and rise immediately after, but the latter 
‘is comparatively small as a rule, and just as after meals it reaches 
its maximum earlier, usually within six hours, after which a fairly 
rapid fall occurs. The rise is not merely the result of dinner, for it 
appears in all the six hourly analyses which are scarcely affected by 
this cause alone, and begins in Tables 5 and 6 before any food is taken. 
It is not due to sweating, nor to alkalinity, for it is most marked on 
the coldest day, absent from all the sweating experiments, and always 
accompanied by a decided rise in acidity. An attempt has been made’ 
to attribute the rise in acidity which so commonly accompanies a rise 
in uric acid, to the latter body itself. If however it is excreted as 
quadriurate a whole gramme of it would be only equivalent to 
‘1875 gramme of oxalic acid, while if it is excreted as biurate it cannot 
raise acidity at all) Dunlop and his co-workers consider that a rise 
in uric acid excretion denotes nuclear destruction outside the muscles, 
and signifies want of training: presumably want of food would have 
the same effect. My results confirm this opinion, for the rise in uric 
acid is greater after the shorter rides during which no food was taken, 
and especially after the last, when I was in worse condition, the road 
yery bad, and the weather bitterly cold. The small rise after the other 
rides would not show much, if at all, in a 24 hours sample including 
the period of exercise. Muscle nucleins might supply a little, even 
if ordinary proteids cannot produce any. 

1 Haig. op. cit. p. 91. 
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4. On Acidity. During the ride acidity is ‘nity affected, it falls 
decidedly only in Table 4 where salicylate complicates the results, and 
is under any circumstances liable to fall at that time of day, but | 
immediately after the ride it rises, even though no food be taken. 
This rise though less than that of urea, follows a somewhat similar 
course, reaching its maximum within twelve hours, and remaining 
above its normal to the end of the experiment. That exercise raises 
acidity is I believe generally acknowledged’, indeed Lauder Brunton’ 
recommends it as a cure for depressed acidity resulting in deposition 
of phosphates. 

5. On Phosphates. These go very closely with acidity as is indeed 


generally the case, the fall during the ride may be partly due to 


the exercise, but a fall then is normal. After the ride phosphates 
rise before any food is taken, the rise accompanying that of acidity but 
being smaller and of less duration. Concerning the effect: of exercise 
on this excretion authorities differ®, North found a distinct increase, 
namely 1°56 gramme of P.O, in the urine and feces in excess of that 
ingested, when the exercise was excessive but not otherwise. Parkes‘ 


found no increase on a non-nitrogenous diet, but this might itself 


produce a fall. Professor Smith® found in horses at work an average 
excretion of 1'897 gramme as compared with 1°3 gramme when at rest, 
which though an absolutely small is relatively a decided increase 
considering how little is excreted by these animals. Dunlop found 


@ rise to occur in two out of three of his cases, and attributes it to 


the same cause as the rise in uric acid and extractives in the same 
subjects. In the absence of a fixed diet my results are inconclusive, 
but muscle though poor in extractives, is said to be by no means 
poor in phosphoric acid, containing much more than nuclein or lecithin — 
would account for, indeed the reaction of muscle in contraction has 
been attributed to this acid®. 

6. On Sulphates. The rise in this excretion shown to result from 
exercise in man by Parkes, North and Dunlop and his fellow 
workers, and in horses by Professor Smith, appears in all my tables. 
This rise precedes all others, appearing alone during the exercise, and 


2 Halliburton. Text-book of Chemical Physiology, p. 714, 1891: also Schifer, 
Tecxt-book of Physiology, p. 579, 1898. 

2 The Action of Medicines, p. 543. 1897. ) | 

8 Halliburton. loc. cit. p. 768. * Proc. Roy. Soc. xv. p. 889. 1867. 

5 Proc. Roy. Soc. xuvi, p. 829, 1889. | i 

® Schafer. loc. cit. p. 108, 
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reaching a high maximum in Table 5 within two hours of its cessation 
and before any food is taken. Six precipitates were, in Experiment 6, 
unfortunately lost when just ready for weighing, they were however 
visibly large. It would seem that, if urea and sulphates are excreted. 
with equal facility, then the formation of the latter is contemporary 
with the formation, not of urea, but of its antecedent, and I notice 
with interest that, in Dunlop’s Tables, not only sulphates, but 
creatinin where it is estimated, attain their maximum on the day of 
exercise, though urea and uric acid do not. The rise in sulphate 
excretion ends early, the usual level being regained in about fourteen 
hours, 

7. On Chlorides. The results here are inconclusive, normal varia- 
tions being considerable. A decided fall occurs in the first two 
experiments, not indeed during, nor immediately after the ride, but — 
subsequently, nor is it prevented by taking half a drachm of salt. 
On the other hand the fall is less marked in Tables 3 and 4, though 
the latter ride caused most sweating, and no salt was then taken. 
Dunlop found a notable reduction of chlorides in his subject A, in 
bad condition, who is not reported to have sweated, while in C, who — 
-sweated profusely but was in good condition, chlorides fell less, indeed 
no more than in Z after massage only. It must not however be 
overlooked that urinary water exercises considerable influence on the 
excretion of chlorides, a point well shown in Dunlop’s Tables. Thus 
in the Table of A where the fall in chlorides is great, it is yet delayed 
until the next day, for the fall in water occurs then, and the same 
remark applies to that of C. On the other hand in the cases of B 
and X, chlorides fell at once, and so did urinary water: yet in all 
the sweating, if any, occurred at the same time. Further, while in 
none of my rides was sweating conspicuous, and in that which caused 
most, chlorides were least affected, my Turkish baths, which induced 
sweating to excess, reduced chlorides less than rides 1 and 2 where 
sweating was inconsiderable, A consideration of Dunlop’s results 
and my own leads me to doubt whether sweating is, as he suggests, 
the sole cause of the reduction of chlorides by exercise, and it appears 
to me to be at ahy rate possible that it may be partly due to the same 
cause as produces the reduction in the somewhat analogous condition — 
of fever, in so far as the latter is not merely the result of change of © 
diet. Possibly of two persons taking violent exercise, one out of 
condition more nearly approaches the febrile state, and hence the 
difference found by Dunlop, for which his theory, as he indeed 
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acknowledges, offers no explanation. Why chlorides are reduced by the 
febrile state will, I anticipate, be discovered when the precise part they 
play in the complex processes of metabolism is definitely ascertained. 
Parkes found a reduction of chlorides after exercise, and draws from 
it the same conclusion as Dunlop. Professor Smith found the same 
usually but not invariably in horses, animals which sweat much. 


_B. The effects of Turkish Baths. 


1. On Urinary Water. This is reduced, the reduction being 
delayed but not prevented by taking large’ quantities of water. 

2. On Urea. There are indications of a slight reduction in the 
excretion of this body during the bath. This may be due to excretion 
of urea in the sweat, as sn out by Dunlop who obtained a similar 
result. 

3. On Uric Acid. Tables 9 and 10 contrast strongly with Tables 
5 and 6, which show the effects of exercise and little sweating at the 
same time of day and on the same diet. In Tables 7 and 8 however 
no great difference appears between the day of the bath and the day 
of rest which precedes it. My results therefore seem to show that 
there is at any rate no evidence of increased excretion of uric acid 
as a result of copious sweating, and that the rise in this excretion — 
following exercise cannot be due to such cause. 

4. On Acidity. This seems little if at all affected, and notwith- 
standing the opinions that have been expressed by some writers, I 
think it unlikely that any notable amount of acid can be lost to 
the urine as the result of sweating. 

5. On Phosphates. These go closely with acidity but show rather 
more evidence of reduction. Dunlop found a slight reduction of 
phosphates in his experiment. 3 

6. On Sulphates. These are not obviously affected. 

7. On Chlorides. These rise during the bath perhaps as a result of 
the stimulus to the circulation, but fall afterwards. The fall is delayed 


_ but not prevented by diuresis, It may be less than that following 


exercise, though little sweating accompany the latter. 


C. The effects of meals. 


These tables are merely introduced for comparison, and a discussion 
of them would be beyond the limits of this Paper. I should like 
however to point out that the parallelism between acidity and 
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7 phosphates is less close the shorter the interval between the collection — 
of samples, because the relation between acid and total phosphate is 
more disturbed, but that the two nevertheless exhibit a well marked 
diurnal variation, causing depressed acidity in the early hours of the 
day, the “alkaline tide” of Haig. This has nothing in common with 
the “alkaline tide” of Sir W. Roberts, originally described by Bence 
Jones, which follows a meal. The latter is less conspicuous, more 
variable, appearing in my case only after dinner in the evening, 

- not necessarily attended by any depression in phosphates but — 
sometimes by an increase therein, and is accompanied by increased 
excretion of uric acid as a result of the meal. Table 12 is introduced 

_ to show how the post prandial rise in uric acid disappears, as the 

_ Interval between the collection of samples is prolonged. 


D. The effects of drugs call for a brief notice. The ng 
taken before ride 2 had no obvious effect on the urine or on the onset 
of fatigue. The salicylate taken after No. 3 had no effect on the 
muscular stiffness, that taken before No. 4 had no effect on the onset 
of fatigue, although it was taken, not only as recorded, but on three 
nights during the previous week. The usual effect on the excretion 
of uric acid was produced on both occasions. 


CoNncLUSIONS. 


A. Rapid but not laborious exercise, taken by a man in good 

muscular condition, on ordinary diet, and unrestricted fluids, to a degree 
_ just short of the production of excessive fatigue, may be expected to 
_ cause such results as the following. 

1. An excretion of urea rising to a maximum of possibly double 
the normal in about twelve hours, and only regaining the usual level 
after thirty hours or more have elapsed; this increase beginning 
immediately after, but not during the exercise. 

2. An excretion of uric acid rising to a maximum not greatly — 

above the normal within six hours, and then falling rapidly if the 
condition of the subject be good and his food sufficient, but rising 
to a higher maximum and falling slowly if his condition be poor or 
food deficient. Evidence that the rise in this excretion occurs during 
the exercise or precedes that of urea is wanting. 

3. An increased excretion of acid, possibly during, and certainly 
immediately after the exercise, less than that of urea but following 
the same course. 
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4. An increased excretion of phosphates certainly not during the 
exercise, but immediately after, distinctly less than that of acid, and 
_ therefore small, but on the whole accompanying the latter. 

5. An increased excretion of sulphates, proportionate to that 
of urea, but of less duration and therefore of more intensity; this 
increase commencing during the exercise, and reaching a maximum 
of possibly three times the normal within six hours and probably earlier, 
but terminating in twelve or fourteen hours. 

6. A decrease in the excretion of chlorides, the time of onset of 
which will depend largely on the behaviour of urinary water, and the 
extent of which will vary directly with the amount of sweating, and 
inversely with the condition of the subject in relation to the exertion 
he is called upon to make. | 

B. Profuse and prolonged sweating induced by Turkish baths 
‘at high temperatures may be expected to produce— 

1, A reduction in the excretion of urine, scarcely to be prevented 
by drinking much water. 

2. A reduction in the excretion of chlorides, not however necessarily 
considerable. 

It must not be expected to produce any noteworthy effect on the 
excretion of urea, uric acid, urinary acid, phosphates, or sulphates. 

In conclusion I wish to express my thanks to Dr F. G. Hopkins 
for many practical hints. Also to Dr Archibald Garrod for advice 
and criticism. 
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THE HYDROLYSIS OF PROTEIDS. By A. EICHHOLZ, 
M.A., M.D, Fellow and Lecturer of Emmanuel College. 


(From the Physiological Laboratory, Cambridge.) 


THE object with which the present enquiry was undertaken was to 
investigate in how far a glucoside constitution could be held to cover 
the whole range of proteids. 

The idea of sugar being contained within the proteid molecule can 
be traced as far back as Berzelius'; who pointed out a similarity in 
the decomposition products of sugar and proteid when reacted upon 
by hydrochloric or nitric acids. In his classic experiments on the 
decomposition of proteid by boiling under the influence of acids, 
Schutzenberger® described, as a by-product of proteid decomposition, 

a substance free from nitrogen capable of yielding a ready reduction 
a Fehling’s solution, and. this he considered to be either glucose or 
a body similar to it. It is of interest to note that Schutzenberger, 
in this very series of experiments discovered that white of egg was 
incapable of complete coagulation by heat, and that the proteid which 
remained uncoagulated was from ‘5 to ‘7 per cent. of the weight of the 
coagulum. This substance was described by Th. Mérner’® as ovo- 
mucoid, and will be the subject of further comment presently. 
Krukenberg‘ first definitely put forth the view that the proteid 
molecule contains a carbohydrate group, basing his opinion on the 
fact that proteid bodies reduce alkaline solutions of cupric oxide on 
boiling. He says that one can readily convince oneself of the presence 
of a reducing glucoside group in any solution of proteid albumose or 
peptone, by means of Trommer’s test. 

But Drechsel® has recently pointed out that any such reduction is 
by no means conclusive of the presence of a carbohydrate group. For 


1 Paschutin. Allgem. und experim. Path. 1. p. 187. 1885. 

2 Maly Jihresbericht iiber Thierchemie, v. p. 299. 

Moérner. Zeitschrift fiir physiol. Chem. xvii. p. 525. 1894. 
* Maly Jahresbericht, xv. p. 16. 1885. 

5 Drechsel. Zeitschrift fir a Chem. xxi. p. 68. 1895. . 
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so many bodies, eg. dioxybenzol, chloroform, etc., other than carbo- 
hydrate, possess the power of reduction. As between these two views 
then, it would be impossible to decide without further positive chemical 


evidence of the presence of reducing sugars. And this evidence has 


been available in the more recent history of chemical physiology, since 
the discovery of the osazone whereby one is enabled to separate a 
chemically pure compound of sugar from a heterogeneous indefinite 
mixture of decomposition products. By taking advantage of Emil 
Fischer’s discovery, we can satisfy ourselves as to the existence of _ 
sugar in solutions which, owing to the presence of proteid, give 
deficient reductions on the one hand, and on the other hand we may 
satisfy ourselves as to the absence of sugar from solutions even 
though they show evidence of reducing power. Working in this way 
Hammarsten' demonstrated in the pancreas, liver, and mammary 
gland, a nucleo-proteid which can be split up by boiling with dilute 
mineral acids with the formation of a reducing substance, yielding 
an osazone of melting point, 158° to 160°C., the low melting point 
coupled with the reduction pointing to the presence of either glycuronic 
acid or a five-carbon sugar (pentose). On the other hand, Dr Pavy? 
has been able to split off from coagulated egg-white a product which 
not only readily reduces alkaline solutions of cupric oxide, but forms 
a crystalline osazone with melting point 189° to 212°, melting 
points which correspond with the formation of actual glucose. And 
Dr Pavy’® considers that his own investigations bring “the extensive 
group of proteids of both the animal and vegetable kingdoms of nature 
into the class of glucosides.” The tendency of other observers is rather 
to limit this composite constitution to a few bodies—glycoproteids—of 
the kind described by Salkowski‘ in the liver, and by Th. Morner’ 
in egg-white, In the former case an osazone-yielding product being 
obtained, in the latter case merely a reducing solution. Other observers 
while not extending carbohydrate constitution to all proteids, would ; 
seem to indicate for them a distribution wider than that of the mucous 

bodies and the mucoids. Thus K. Mérner® by the action of heat on 
the paraglobulin of horse serum, has obtained a gummy substance 


1 Hammarsten. Zeitschrift fiir physiol. Chem. xrx. p. 30, 1894. 
2 Pavy. Physiol. of Carbohyd. p. 58 etc. 

3 Pavy. Physiol. of Carbohyd. p. 27. 

4 Salkowski. Centralbl. fiir Med. Wiss. No. 2. 1893. 

5 Th. Mérner. Zeitschrift fiir physiol. Chem. xvi. p. 525, 1894. 
6 K, Mérner. Centralblatt fiir Physiol. p. 581. 1893. 
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_ which on warming with from 3 to 5 per cent. hydrochloric acid forms 
a reducing substance capable of yielding an osazone of low melting 
point, —170° to 172. 

‘ Again, N. Krawkow* was able to obtain osazone products from 
coagulated egg-white, fibrin, serum, albumin and from the acid albumin, 
alkali albumin, and albumose derivatives of egg-white. In each case 
the melting point of the product was as low as 182° to 185°. He 
has failed to get distinct signs of osazone from globulin, lact-albumin, 
casein, gelatin, vitellin, and ovomucoid, and concludes accordingly 
that the carbohydrate group is by no means distributed over the 
whole class of proteid bodies, whilst the low melting-point of the 
 osazone leads him to believe that the sugar wherever obtained is not 
a true dextrose, but is only an artificial cleavage product of proteid 
_ dependent upon the action of the acid, and is of no importance in 
the physiology of carbohydrate metabolism. But it was very largely 
the importance given to the subject by Dr Pavy’s work on the 
physiology of the carbohydrates which induced me to give further 
attention to the subject. 

In the experiments about to be detailed attention has been con- 
-centrated solely upon the determination of chemical facts, and it 
has been thought better at this stage, not to associate physiological 
inferences with statements of chemical reaction. It has moreover 
been considered advisable to limit the field of enquiry and to select: 
a few typical bodies for examination. An attempt has been made 
by applying all the methods at present available to obtain working 
materials in as complete a state of purity as possible and to determine 
how far any sugar reaction might be considered attributable to the 
presence of admixed glycoproteid. At the outset it must be noted 
that the methods available for the separation of a pure product are 
at the best unsatisfactory; depending, as they do, on devices which 
can be shown to be mostly defective and incomplete. So that though 
we may speak of a material as consisting of a pure product we have at 
no time a guarantee of absolute chemical accuracy for such a statement. 
- The proteids used in this investigation were obtained from white 

of egg, serum and milk, 


1N. Krawkow. Pfliiger’s Archiv, uxv. p. 281. 1896. ‘ 


RS. 
@ 
tS 
a 
% 


= 


166 BICHHOLZ. 


Experiments with total proteids of white of egg. 
In the first place experiments on white of egg, as detailed by 


Dr Pavy', were repeated. In preliminary experiments the whites of 
25 eggs were broken up and poured into boiling water to ensure 


coagulation. The coagulum was filtered, washed, broken up in a 


mortar with water, washed in alcohol, dried, finally powdered and 
sieved. Twenty grammes of the dry material were boiled in a flask 
under an inverted condenser, for eight hours with 300 c.c. of 10 per cent. 


- sulphuric acid. The dark brown liquid so obtained was then neutralised 


with barium carbonate and filtered. The filtrate was evaporated to 


-a@ small volume and then thrown into an excess of absolute alcohol, 


in order to precipitate albumoses and peptones. This was found 
necessary since albumose and peptone tend to interfere with the 
demonstration of reducing power and the formation of osazone crystals ; 
and in addition albumose and peptone tend to complicate any evidence 
from reduction, owing to the fact that on prolonged boiling in alkaline 
solution, such as Fehling, they decompose with the production of 
reducing substances, In this case, the alcoholic precipitate was filtered 
off, dried, dissolved in distilled water, decolorised with pure animal 
charcoal, and yielded a good osazone, although no definite reducing 
reaction to Trommer’s or Fehling’s solutions, owing probably to the 
presence of small amounts of proteid. 


Experiments with the separated constituents of egg-white. 
In this series of experiments the properties with regard to precipita- 
bility of the various constituents of egg-white were first investigated, in 
order to separate them, and to determine how far each of them might 


__ be responsible for the sugar reaction obtained when using the whole. 


The constituents of white of egg, according to accounts at present 
accepted are albumin, a small amount of globulin, and a residual non- 
coagulating material described first by Schutzenberger® and later by 
Neumeister’ as ne and more recently by Mérner’ as 


ovo-mucoid. 


1 Pavy. Physiol. of Carbohyd. p. 43. 

2 See above. 

’ Neumeister. Zeitschrift fiir Biol. p. 878. 1890. 

* Th. Mérner. Zeitschrift fiir physiol. Chem. xvi. p. 525. 1894. 
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A new constituent of egg-white—ovomucin. 

I have to call attention to another constituent which has so far 
not been definitely described as a constituent of white of egg. This 
substance possesses all the properties assigned generally to mucin, and 
differs from the mucoids in being insoluble in distilled water, and 
forming part of the general heat coagulum of white of egg. It is 
prepared by breaking up the whites of eggs and mixing them inti- 
mately with four times their volume of distilled water. In this way 
@ precipitate is formed consisting mainly of a mucin-like substance. It 
can be re-dissolved in dilute carbonate of soda and reprecipitated by 
careful addition of acetic acid. The precipitate is repeatedly washed 
by decantation with distilled water and possesses the following pro- 
perties :— 

It swells up in dilute sodium chloride solution to form a tenacious 
viscid slimy mass, 

It is soluble in lime water, and in carbonate of soda. 

It is precipitable by dilute acetic acid, and on boiling in presence 
of a trace of acetic acid, appears to coagulate. But the coagulum swells 
up in lime-water, becoming transparent but not completely dissolving. 
A considerable amount of the mucus was prepared with a view to 
determining the presence of a carbohydrate constituent. 

Fifty whites of eggs were diluted to four times their volume with 
distilled water and the mucus centrifugalised off. It was washed re- 
peatedly by decantation in distilled water, collected, boiled in rectified 
spirit, washed in ether, collected and dried, and finally powdered to a 
very light white powder. Seven grammes of the dried ovomucin were 
then boiled for three hours with 200 c.c. of 5 per cent. sulphuric acid, 
under a condenser. At the end of this time the liquid had become 
quite black. It was neutralised with barium carbonate and filtered. 
The neutral filtrate decolorised Trommer’s solution on boiling, but did 
not give a good Fehling reduction. Therefore the solution was eva- 
porated to a small bulk, precipitated in excess of absolute alcohol and 
filtered. The filtrate was evaporated to dryness and extracted with 
absolute alcohol in order to leave the proteids behind. The dry extract 
was dissolved in distilled water and although giving a slight indication 
with the xantho-proteic test, reduced Fehling’s and Trommer’s solu- 
tions copiously. Boiled for several hours with phenyl-hydrazine and 
acetic acid, a copious crystalline precipitate was formed which was 
filtered, washed in ether and dried. The canary-coloured product, 
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‘insoluble in water and in ether, melted at 199°. In a second experi- 
ment, a melting point of 202° was reached. Here we have clear proof | 
of the presence of a mucin-like body in considerable quantity incor- 
porating itself with the white of egg coagulum, and itself readily 
yielding a glucose-like cleavage product on hydrolysis. Hence it be- 
comes necessary to remove this body as completely as possible from the 
admixture of substances known as egg-white before proceeding to inves- 
tigate the — properties of egg-albumin itself. 


Experiments with ovomucord. 


Ovomucoid differs from ovomucin in point of solubility. Unlike 
ovomucin it is non-coagulabie and appears as a residuum after coagu- 
lation by heat has taken place. For the preparation of ovomucoid 
fifty eggs were taken, diluted 1 in 4 with distilled water to precipitate 
the mucin. This latter was separated by centrifugalising. A clear 
liquid containing the remaining proteids was filtered, carefully acidu- 
lated with acetic acid to precipitate globulin, filtered and diluted ten 
times with distilled water. The solution so obtained was heated to 
80° with careful addition of acetic acid to ensure coagulation. The 
coagulum was then allowed to settle, the clear liquid poured off, filtered 
and concentrated to small bulk, neutralised, filtered, precipitated in 
excess of alcohol, washed in ether, dried, and powdered. . Six and a half 
grammes of dried powdered ovomucoid were boiled for seven hours 
with 100 c.c. of 10 per cent. sulphuric acid, and the dark brown liquid 
resulting was neutralised with barium hydrate, filtered, concentrated to 
100 c.c. and boiled for three hours with 40 drops of phenyl-hydrazine 
and 50 drops of acetic acid. A copious crystalline precipitate separated 
out on cooling which was filtered, washed with acetone and dried, gave 
a melting point of 204°. This is very important because Mérner has 
not described this osazone, and Krawkow has actually failed to obtain 
it. However, with the clear evidence of its forming a sugar yielding 
product on hydrolysis, it becomes all the more necessary to ensure 
perfect freedom from ovomucvid when preparing pure egg-albumin. 

In the course of these experiments it was found that solutions of 
ovomucoid are precipitated at ordinary temperatures by double satu- 
rations with magnesium and sodium sulphates. Mérner in his account 
of the precipitability of ovomucoid has not noticed this. The im- 
portance of this fact arises in connection with the preparation of 
egg-albumin by the method of double saturation for a precipitate of 
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albumin so seeeete must necessarily contain an niinitbae of the 
ovomucoid. 


Experiments with 


With the experience so gained of the presence and properties of the 
two glycoproteids, egg-mucin and ovomucoid, an attempt was made to 
prepare egg-albumin in a state of purity as far as possible free from 
these substances and from any globulin. Two sets of experiments were 
conducted. The first employing the double saturation method and the 
second employing the use of heat only. 

Experiment I. Fifty egg-whites were diluted with twice their 

volume of distilled water, agitated, centrifugalised to separate the 
- mucin, To the centrifugalised mucin free fluid acetic acid was added 
carefully to precipitate as completely as possible the globulin and any 
remaining mucin. It was then filtered and neutralised and saturated 
with magnesium sulphate and again filtered from the globulin so 
precipitated, then finally saturated with sodium sulphate. The copious — 
precipitate was filtered under pressure, dissolved into 600 c.c. of water, 
filtered, dialysed for seventy hours when only a mere trace of reaction 
to barium nitrate was detected. The volume of the dialysate was 
1800 ¢.c. This was made up to six litres and coagulated by heat. The 
coagulated albumin was allowed to settle, the clear filtrate was found 
to contain proteid (ovomucoid). The albumin was washed, collected, 
washed with distilled water into a cream and boiled. This was repeated 
three times to free from salts and soluble proteid. By diluting before 
coagulating and by repeated washing it was hoped that the ovomucoid 
precipitated by the double saturation would be eliminated. The filtrate 
in the third- washing still gave the faintest possible xantho-proteic — 
reaction. The collected proteid was twice worked up into a cream 
with rectified spirit, boiled, and filtered. It was finally extracted with 
ether, filtered and dried at a low temperature. Twenty grammes were 
_ boiled ten hours with 275 c.c. of 10°/, H,OS, and then being neutralised 
with barium hydrate, filtered, concentrated, was found to decolorise 
both Fehling and Trommer. Boiled with phenyl-hydrazine and acetic 
acid, it was found to yield a copious osazone product which when 
recrystallised from acetose melted at 205°. This experiment appears 
_ to indicate that egg-albumin even when purified from the two glyco- 
proteids, nevertheless appears to be capable of yielding a carbohydrate 
product on hydrolysis. However, owing to the fact that the double 
saturation method causes the precipitation of ovomucoid, and that 
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the filtrates and washings from the subsequent coagulum are found to 
react. however slightly, to the xantho-proteic test, we have no absolute 
guarantee that this method has ensured immunity from the presence 
of ovomucoid. 

Therefore a second series of experiments was undertaken in order, 
if possible, to ensure complete absence of ovomucoid: 

Experiment II. Fifty whites of egg were diluted with four times 
their volume of distilled water agitated, centrifugalised as before to 
separate the mucin. To the clear centrifugalised liquid acetic acid was 
carefully added and allowed to stand in order to separate the remain- 
ing mucin and globulin. The liquid was filtered and diluted to the 
maximum state of dilution compatible with obtaining a coagulum by 
heat which could be collected. It was found that a dilution corre- 
sponding to the white of one egg in 4 litres satisfied this condition. It 
was hoped that by separating out the albumin in as fine a state of 
division as possible from a highly diluted solution that the inclusion 
of ovomucoid in the particles of the coagulum would be avoided. — 

The highly diluted fluid was accordingly warmed to 80°, till it had 
acquired opalescence. A few drops of 50 per cent. acetic acid was 
added at this temperature to enable the opalescence to develope into 
a discrete fine precipitate. The liquid was now cooled in order that 
the coagulum might settle, and the clear fluid decanted. When 
sufficient. material in this way had been collected, it was washed by 
decantation until the washing ceased to give any xantho-proteic re- 
action. It was then boiled up and formed a friable granular precipitate. 
The material was then boiled in alcohol, and finally washed in ether 
and carefully dried and powdered. 300 grammes of this material was 
next boiled with 300 c.c. of 10 per cent. sulphuric acid for 10 hours; 
when cooled, neutralised with barium hydrate. To the neutral filtrate 
was added a mixture of 75 c.c. 50 per cent. acetic acid and 120 drops 
of phenyl-hydrazine, and the whole boiled for 3 hours on the water 
bath. A brownish yellow crystalline precipitate was formed on cooling, | 
which was filtered, washed with: acetone till a canary yellow residue 
remained. This was dried and melted at 202°. 

In a second experiment a melting point of 206° was obtained, and 
the weight of osazone determined, which corresponded to ‘025 per cent. 
of carbohydrate determined as sugar in the original material. 

In a third experiment on the same material, Dr Pavy’s potash 
method was employed. Ten grammes of the purified albumin was 
soaked for 24 hours in 100 c.c. of 20 per cent. potash to dissolve, It 
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-was then made up to 200 c.c. with distilled water and boiled for half- 
an-hour under a condenser and neutralised with acetic acid being kept 
just acid. A black precipitate was formed which was filtered off, the 
filtrate being concentrated to 100 c.c. 100 c.c. of alcohol were now 
added and the mixture poured into 2:litres of alcohol, the precipitate so 
formed being allowed to settle over-night, when it became adherent to 
the sides of the glass vessel as a glaze. The alcohol was poured off, 
the glaze dried in the air, dissolved in 200 cc. of 10 per cent. sulphuric 
acid, boiled for 2 hours, almost neutralised with boiling barium hydrate 
solution, filtered, concentrated to 75 per cent., neutralised accurately 
with barium hydrate, again filtered and cleared with charcoal. The 
clear fluid reacted slightly to the xantho-proteic test, reduced Fehling 
and Trommer, formed a typical osazone but gave no definite rotation. 
From these experiments I am inclined to conclude that egg-albumin 
prepared so as to exclude as carefully as possible all admixture of 
mucin, globulin and mucoid, still yields on hydrolysis very definite 
indication of the presence of carbohydrate. ‘It must therefore be con- 
sidered as itself belonging to the class of mucoid bodies or glyco- 
proteids. A priori such a conclusion is not altogether unwarranted, 
-when it is remembered that white of egg is, after all, a secretory 
metabolite derived from the cells of the oviduct glands which are not 
very different from the mucus yielding cells found in the — in 
the intestinal wall. 


Experiments with serum proteids. 

ie working with proteids of serum, the same method was adopted 

as with egg proteids. The total proteids were first examined and then 

the several constituents separately, with a view to determine which 

proteids were to be classified with glycoproteids, and which if any to 
be excluded from this class. 


Experiment with the total proteids of serum. 

300 c.c. of fresh ox serum were diluted to 21 litres and heated to 
80°, a sufficiency of 60 per cent. acetic acid being added to convert the 
opalescence into a discrete precipitate. The coagulum was collected 
and washed till the washings were free from proteid, then boiled, firstly 
in water, secondly in rectified spirit, next dehydrated in ether and 
finally dried and powdered. Twenty-two and a half grammes were 
boiled with 800 c.c. of 7 per cent. sulphuric acid for 3 hours. The 
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black liquid was almost neutralised with barium hydrate, filtered, con- 
centrated, and the neutralisation finished off with barium carbonate, 
and again filtered. 80 c.c. of the filtrate were boiled with 30 drops — 
of phenyl-hydrazine and 15 c.c. of 33 per cent. acetic acid for 14 hours. 


There was a good yield of osazone melting at 200°, which recrystallised 


from acetone easily. 
Experiment with globulin. 

For this purpose I was fortunate in obtaining, through the kindness 
of Dr Sheridan Lea, a specimen of globulin from Professor Kiihne 
which had been prepared by Chittenden by magnesium sulphate 


- saturation, under Kiihne’s direction for work in connection with 


proteid digestion and sulphur determinations. 10 grammes were boiled 
with 200 c.c. of 10 per cent. sulphuric acid under a condenser for 84 
hours, almost neutralised with hot baryta water, evaporated neutralised 
with barium carbonate. 80 c.c. of the filtrate was boiled with phenyl- 


hydrazine and acetic acid for 14 hours and allowed to cool, when a 


crystalline precipitate settles out which was filtered, washed. suc- 
cessively with 30 per cent. acetic acid, 50 per cent, alcohol and acetone. 
The residue was dissolved in acetone, filtered, evaporated to dryness, 
recrystallised from alcohol, and again from acetone, and melted at 212°, 
clearly indicative of a phenyl-glucosazone. 

Special care was taken in this case to obtain as pure an osazone as 
possible, with a view to testing the accuracy of Mérner’s’ experiment. 
By boiling globulin with water he obtained a gum-like substance which 
on hydrolysis with 3 or 5 per cent. HCl yielded a reducing substance. 
This yielded an osazone which when recrystallised from water melted 
at 170 to 172°. The same substance could be obtained by the direct 
hydrolysis of globulin and he points out that even when twice recrys- 
tallised and under rapid heating, that the melting point is still as low 
as 170 to 172°. So low a melting point would indicate some substance 
other than glucose, whereas the substance obtained in the present 
experiment obviously melts at a temperature corresponding to phenyl- 


- glucosazone. Krawkow attempted the hydrolysis of a globulin with 


dilute hydrochloric acid, and working with the globulin from 1 litre of 
serum obtained a quantity of osazone so minute as to be unable to 
determine its melting point, which he considers as virtually a negative 
result. The positive result obtained in the present eer is 


2 op. cit. 
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very probably due as will be shown later to the admixture of a mucoid 
substance existing in serum together with the true globulin. 


_Eaperiments with serum 


Pure serum n albumin was prepared for this purpose by the inate 
of Johannsen. A litre of serum was saturated at 30°C. with 
magnesium sulphate in order to completely precipitate the globulin. 
It was filtered at 30° and allowed to cool. The clear liquid was 
decanted from the crystals of magnesium sulphate, and the albumin 
precipitated by the addition of acetic acid. This was filtered off, and 
re-dissolved in water, filtered again, diluted and carefully coagulated by 
heat. The precipitate was washed till free from magnesium sulphate, 
boiled in alcohol, washed in ether, finally dried and powdered, and 
decomposed by the potash method in the following manner. 13 
grammes were dissolved in 100 c.c. of 20 per cent. potash and dissolved 
by warming for 3 hours on the water bath. 100 c.c. of water was now 
_ added and the whole boiled under a condenser for half-an-hour. 
Acetic acid was then added until the fluid was faintly acid; then 
filtered from the black precipitate formed when neutralised and con- 
centrated to about 50 cc. About an equal bulk of alcohol was then 
added, and the mixture carefully precipitated by pouring into two 
litres of alcohol. The precipitate was allowed to settle, and after the 
~ alcohol had been poured off, allowed to dry in air. It was dissolved in 
100 c.c. of 10 per cent. sulphuric acid and boiled for two hours, then, 
almost neutralised with barium hydrate, filtered, concentrated, finally 
neutralised with barium carbonate. The liquid was of a brownish tint 
and required to be decolorised with charcoal. Neither before nor after 
decolorisation was there any reaction with Trommer’s or Febling’s 
solutions. The liquid boiled in the proportion of 25 c.c. to 6 cc. of 
50 per cent. acetic acid, and 7 drops of phenyl-hydrazine boiled for 
2 hours gave no evidence of any osazone. Here we have a very definite 
difference in the behaviour of serum albumin béth from that of egg- 
albumin and from that of the total globulins of serum. While each of 
the latter appear to break down with the production of osazone yielding 
substance serum albumin gives no such evidence, and accordingly must 
not be classed with the glycoproteids. It stands apart from them as a 
representative of the true proteids. I have tried to obtain evidence of 
the production of sugar, using serum albumin prepared by the method — 
of Starke (method of double precipitation) successively with MgSO, 
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at 30° to eliminate globulins and with NaSO, at 40° to precipitate 
albumin, and have decomposed the coagulated albumin obtained in 
this process both by the potash method and by immediate decom- 
position with sulphuric acid, and in neither case have I been able 
to obtain evidence of sugar whether by reduction or by the osazone 
reaction. 

Dr Pavy does not appear to have made any experiments with pure 
serum albumin, basing his view as to the carbohydrate nature of 
proteids upon investigation of the reducing power of the product 
obtained from the total proteids of blood serum after decomposition by 
potash. He gives the reducing power of the blood serum produced, at. 
just a little over one-half of what is obtained as egg-albumin, which in 
itself would seem to indicate that the whole of the proteids of blood 
serum are not to be considered as sugar-yielding but part only. 

Krawkow’', was able to obtain from serum albumin an osazone of 
melting point 183° to 185°. In fact his conclusion with regard to 
serum albumin and serum globulin appear to be exactly opposed to my 
own. It is probable that in his experiments upon serum albumin the 
whole of the globulin was not removed, by the saturation with mag- 
nesium sulphate. There is no record that this saturation was carried 
out at 30°, and unless the temperature precaution is taken, one cannot 
be certain that a good percentage of the globulin is not left behind. 


Further eapervments with proteids of serum. 

Having shown the difference in behaviour between globulin and 
albumin, it occurred to me that the glycoproteid reaction might 
possibly be attributable to the presence of some body allied to the © 
mucinous or mucoid substances. 

The line attempted was to employ the familiar acetic acid method 
for the precipitation of globulin and to compare the properties of the 
material so obtained with the residual proteids. Fresh ox serum was 
used for the purpose for if the serum is not fresh, the success of the 
precipitation is considerably marred, and the unprecipitated aoa : 
still yield osazone. 

The serum was faintly acidified with acetic acid and mixed in the 
proportion of 1 in 20 with distilled water. A flocculent precipitate 
results which settles and may be collected. The liquid filters quite 
clear, but according to circumstances concerned with the right amount 


op. cit. 
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of primary dilution and the careful adjustment of acetic acid, it is 
found that a further slight precipitate is always obtained on either 
diluting still further or on further addition of acetic acid, or on merely 
standing, so that it is practically impossible to make sure of completely 
eliminating this substance from the mixture of proteid. Some always 
appears to remain behind, manifesting itself in a slight secondary 
opalescence or precipitable. Subsequent saturation of the neutralised 
clear filtrate reveals the presence of a copious globulin precipitate, and 
it seems accordingly that the acetic acid precipitate constitutes only 
a small proportion of the total globulins, the main bulk of these not 
being precipitate by these methods. In fact, approximately speaking, 
it does not form more than one-quarter of the total globulin, the 
remaining three-quarters being precipitable only by magnesium 
sulphate. From its precipitability by acetic acid, it was thought 
that a mucoid body might be present, and accordingly a considerable 
quantity of the product was prepared. - 1500 c.c. of fresh serum was 
made just acid with acetic acid, and diluted with 10 times its volume 
of distilled water. The precipitate was allowed to settle, and washed 
by decantation, until the washings ceased to coagulate on boiling. 
Alcohol was now added until the whole was made up to 60 per cent. 
of alcohol. The mixture was boiled, decanted, washed in ether, dried 
and powdered. Sixteen grammes of the substance so obtained were 
dissolved in 80 éc. of 20 per cent. potash on the water-bath; 80 c.c. 
of distilled water was now added and the whole boiled for three-quarters 
of an hour. The mixture now was made just acid with acetic acid, 
filtered, concentrated into small bulk, mixed with an equal volume 
of alcohol and precipitated in 3 litres of spirit, when the precipitate 
had collected at the sides of the vessel, it was left to dry after pouring 
off the alcohol. It was now taken up with 100 c.c. of 10 per cent. 
sulphuric acid and boiled for two hours under a condenser, almost 
neutralised with barium hydrate, filtered concentrated and finally 
neutralised with barium carbonate, again filtered and decolorised with 
charcoal. A good reduction was obtained with Trommer’s and Fehling’s 
solutions, and the solution boiled for one hour, in the proportion of 
15 cc. to 4 drops of phenyl-hydrazine and 4 c.c. of 50 per cent. acetic 
acid, yielded on cooling a good crop of crystals, which on recrystallisa- 
tion from acetone melted at 204°. 

In a succeeding series of experiments the proteids of serum were 
used from which the acetic precipitate had been removed as com- 
pletely as possible. 600 c.c. of fresh serum, just acidified with acetic 
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acid, diluted to 1 in 20 with distilled water. The precipitate so formed — 
was filtered off. The clear filtrate neutralised still precipitates copiously 
on saturation with magnesium sulphate. The clear liquid on standing 
produces a further slight precipitate, so too does further dilution or 
further addition of acetic acid, indicating the difficulty of complete 
separation. The clear filtrate coagulated by heat, a sufficiency of acetic 
acid being added, the coagulum collected, washed in distilled water, 
boiled in alcohol, finally washed in ether, dried and powdered. Thirty- 
eight grammes of material so obtained was dissolved on the water bath 
in 175 c.c. of 20 per cent. caustic potash. 175 .c. of distilled water now 
added, and the whole boiled for one hour under a condenser. It was 
then made just acid with acetic acid, filtered, concentrated to 100 cc., _ 
100 c.c. of alcohol was added, and the whole precipitated with 5 litres 

of alcohol. On the following day the alcohol was poured off from the 
glazed precipitate. It was allowed to dry, dissolved in 175 cc. of 
10 per cent. sulphuric acid, boiled for two hours under a condenser, 
then almost neutralised with barium hydrate, filtered, concentrated, 
finally neutralised with barium carbonate, again filtered, decolorised 
with charcoal, The liquid gives a faint xantho-proteic action, and 
a fairly good reduction with Fehling. Boiled for 2 hours in the propor- 
tion of 35 c.c. to 7 c.c. 50 per cent, acetic acid and 10-drops of phenyl- 
hydrazine, it was found on cooling that a very small amount of crystalline 


_ mnatter was obtained, mixed with granular material from which nothing 
could be crystallised from acetone and so no melting point determined. 


The interpretation of the two foregoing experiments is in all proba- 
bility that the glycoproteid reaction of serum proteids depends on the 
presence of a mucoid body which in itself is undoubtedly a glycoproteid. 

The remaining proteid consisting of the bulk of the globulin and 
the whole of the albumin are not glycoproteids, for the more com- 
pletely the mucoid-like body is eliminated, the less possible it is to — 
obtain any evidence of a sugar yielding product in the proteids of 
blood serum. And I am inclined therefore to regard this mucoid-like 
globulin precipitable by acetic acid, yet incompletely precipitable as 
the sole source of glycoproteid reactions, presented by total serum 
proteids and also by the globulins when precipitated as a whole by 
magnesium sulphate saturation. 


Experiment with casein. 


For this purpose casein was employed which had been saad by 
the method of Hammarsten. The decomposition was effected both 
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by the potash method and by direct hydrolysis with 10 per cent. 
sulphuric acid. In neither case was it possible to obtain any crystal- 
line ac This is in agreement with Krawkow’s result. 


RESULTS AND 


1. From white of egg three substances can be separated, each 
capable of yielding an osazone corresponding to phenyl glucosazone. 
These substances are in the order of solubility :—ovomucoid, egg- 
albumin, ovomucin. . 
| Ovomucin has not been before definitely described. Egg-albumin 

_ has been regarded as a glycoproteid by Pavy and Krawkow, but 
Mérner had failed to obtain any o8azone from it. Ovomucoid has 
been shown by Morner and by Krawkow to yield on hydrolysis a 
powerfully reducing substance, but neither have obtained from it an 
osazone yielding product. 

2. Serum proteid as a whole is capable of yielding an osazone after 
hydrolysis. Purified serum albumin does not yield any osazone what- 
ever on hydrolysis, and the glycoproteid reaction of serum proteid as a 
whole appears to me to depend on a portion of the globulin precipi- 
tated from diluted serum by acetic acid, which on hydrolysis gives a 
very definite reducing and osazone reaction. 

3. Pure casein resembles serum albumin in its absolutely negative 
reaction to carbohydrate tests after hydrolysis. — 

_ Reviewing the experiments and results here detailed, the fact of 
primary importance appears to be the wide distribution both qualita- 
tively and quantitatively of the class of bodies known as glycoproteids. — 
It is probable that every tissue containing proteids will be found to 
contain some admixture of glycoproteids. Whilst agreeing with Dr 
Pavy as to the importance of this class of compounds I am unable to 
agree with him in considering that all proteids are glycoproteids, since 
pure serum albumin and pure casein resist all attempts to produce from 
them a definite osazone yielding sugar. 

I should be inclined as the result of the experiments given above to 
classify proteids primarily as pure proteids and glycoproteids. 

It gives me great pleasure to record my grateful thanks to Dr — 
_ Sheridan Lea for the valuable criticism which at considerable trouble 
to himself he has bestowed on my work. | 
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FURTHER OBSERVATIONS ON THE CHEMISTRY AND 
ACTION OF THE THYROID GLAND". By ROBERT 


HUTCHISON, M.D., M.RC.P., Demonstrator in Physiology, 
London Hospital Medical College. (One Figure in Text.) 
1. Amount of Iodine contained in the Colloid matter. 
On this point I do not know of any published analyses. It seemed 
especially important to ascertain whether the colloid matter is or is not 


a body of constant composition as regards its iodine. Colloid matter 


was prepared from various sources by the method I have already 
described? and estimation of the amount, of iodine in half a gramme 
of each sample was carried out by the colorimetric method as described 
by Oswald’. The results are given as percentages of dried colloid in 
the following table :— 


1. Colloid from a single lobe of Thyroid (sheep) 0°23 °/, 
2. ” ” (O14,, 
3. ” ” 0-12 ,, 
4. Colloid from two lobes 0°27 ,, 
5. Colloid from four lobes _,, . 0°369 ,, 
6. Colloid from a large number of sheep ie) 0°385 ,, 
7 » (Norfolk & Leicester) 0-223 ,, 
8. » (Norfolk half-breeds) 0°250 ,, 
9, »  (Cheviots) 0°368,, ~ 
10. », (Scotch) 0-460 ,, 
Colloid by & Co. (2 Samples) 0-462 ,, 
12. Colloid prepared by Burroughs, Wellcome & Co. 0-430 ,, 
13. Colloid from lambs’ thyroids 2 0:338 ,, 
14. Colloid from calves’ __,, 0-308 ,, 


1 The work contained in this paper was carried out during the writer’s tenure of the 
Leckie Mactier Fellowship, University of Edinburgh, and part of the expenses incurred 
Society, 


* This Journal, xx. p. 474, 1896. 
Oswald, Ztsch. f. physiol. Chemie, p. 277. 1897. 
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It will be observed that the proportion of iodine in the colloid 
matter is by no means uniform but varies both in specimens prepared 
from single glands and in those obtained from the collective product of 
a large number. Whether these differences are due to the presence of 
varying amounts of the proteid free body in different samples of colloid 
or to variations in the amount of iodine in the proteid free body itself 
I am not prepared to say. 


2. Digestion of the Colloid Matter. 


In previous papers I have stated in a general way the results of 
artificial digestion of the colloid matter, but I have recently isolated 
the products in greater purity with a view to testing their activity in 
a case of myxedema. The proteid-free body which falls out after 
digestion of the colloid matter with pepsin-hydrochloric acid for 48 
hours was removed by filtration, the filtrate partially neutralised with 
ammonia, concentrated by evaporation and again filtered from the 
- small quantity of proteid free substance which separated out. 

The filtrate was saturated with ammonium sulphate and the 
precipitate of albumoses filtered off. These were re-dissolved, the 
ammonium sulphate removed by heating with barium carbonate, excess 
of barium was got rid of by carbonic acid and the solution finally 
concentrated, precipitated with alcohol and the precipitate, after lying 
in alcohol till it was brittle, was ground up with petroleum ether and 
dried. 

The peptones were obtained by a similar process. In each case a 
yellowish brown hygroscopic powder resulted which readily dissolved 
and gave the biuret reaction. 

Half a gramme of each was examined for iodine by the colorimetric 
method. The peptone showed the presence of the merest trace of 
iodine, the albumoses contained an appreciable amount (0°138°/,). 

The proteid-free body was purified by re-solution and reprecipita- 
tion and subsequent washing with alcohol and ether. Iodine was 
estimated in it by incineration, precipitation with nitrate of silver 
and weighing. It amounted to 3°69°/, On treating the proteid-free 
body with boiling rectified spirit part of it goes into solution, this 
constitutes Baumann’s Iodothyrin and is apparently somewhat richer 
in iodine than the proteid-free body itself (Roos’ latest estimate’ is 
4°31 ” The residue which is insoluble i in spirit is also, however, rich 


1 Roos, Ztsch, f. Chem. xxv. p. 1. 1898. 
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in iodine but not so much éo as Iodothyrin. I have not been able to 
prepare a sufficient quantity of it for accurate estimation. The results 
of the digestion of colloid matter may be ica in the following 
soneme 


Colloid matter (0-311 °, iodine) 
yields on Hydrolysis : 
Proteid free residue (3°69, iodine) Albumoses (0°138°, iodine) Peptone (trace of 
Extracted with boiling spirit | iodine) 


Soluble insol. portion 
(iodothyrin, 4°3 °/, I) (considersble quantity 


Of these products the activity of the colloid matter itself, of the 
proteid free residue and of Iodothyrin is now beyond dispute. I have 
tested again upon a well marked case of myxcedema the activity of the 
albumoses and of the peptone, doses of 0°3 grammes daily being 
administered in each case. The peptone proved entirely inactive ; 
the albumoses were active but in a very feeble degree. 

It being thus evident that only those products are active which 
contain iodine and that the degree of their activity is roughly pro- 
portional to the amount of. iodine present, it is of importance to 


ascertain whether the presence of iodine is essential or not. This 


brings us to 


3. Relation of Iodine to the Activity of the Thyroid. — 


The most direct method of ascertaining whether iodine plays an 
essential part in the activity of thyroid preparations or not would be 
to remove the iodine from the colloid matter or proteid-free body and 
then to test the iodine-free product. With the kind co-operation of 


Dr F.S. Kipping various attempts were made to get rid of the iodine 


from the proteid free body but so far this has not proved successful. 

One may approach the question in an indirect way either (1) by 
preparing artificially iodised proteid substances and observing the 
effects of their administration, or (2) by increasing the proportion of 
iodine in the colloid matter and observing whether its activity is 
thereby proportionately raised. I have tried both these methods :-— 

1. An artificial iodised nucleo-albumin was prepared by extracting 
the thymus of calves with dilute alkali, adding iodine to the solution 


- till free iodine was present, precipitating with acetic acid and purifying 


by thorough washing, re-solution and re-precipitation. In this way a 
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product was obtained, various samples of which prepared at different 
times contained from 4—7°/, of iodine in the dried substance. 

I tried this substance on two dogs whose thyroids had been removed. 
Administration of the substance was begun in doses of 02 grm. 
daily immediately after the operation, but in both cases the usual 
symptoms supervened and lead to death. This, however, is not quite 
a satisfactory test, as it is now known that thyroid preparations of 
undoubted activity may yet fail to ward off the acute symptoms which 
follow thyroidectomy in dogs. I have therefore tried the effects-of the 
substance in myxcedema, but although 0°1 grm. was given thrice daily 
it manifested no curative action. In cases of skin disease also in which 
it was tried none of the usual thyroid action on the pulse, temperature 
or weight was observed. 

These results are in accord with those of Hellin’ who states that 
he found iodised albumin and nucleo-albumin prepared from the spleen 
inactive. Blum who at first? asserted that his iodised albumin produced 
the same effects in myxcedema as the thyroid, has, in his more recent 
publications, apparently withdrawn from that position and now denies* 
that these artificial products have any activity. It seems probable, 
indeed, that these compounds possess no advantage as pharmacological 
agents over the iodide of starch which has so long been known and 
administered. 

2. I prepared some artificially iodised colloid as follows. Colldid 
matter was taken containing 0°368°/, iodine, it was dissolved in dilute 
alkali (0°1 NaOH) and strong solution of iodine added till free iodine 
was present, it was then precipitated by acetic acid and purified by 
washing, and re-precipitation. The product contained 3°23°/, I, ie. 
the amount of iodine in it was increased nearly ten times. It is of 
interest to inquire in what part of the colloid matter the iodine thus 
added is fixed. I have tried to split up this artificial product by 
digestion but find it extremely resistant to the action of pepsin and 
hydrochloric acid, so that even on prolonged digestion I have been 
unable to obtain a proteid-free residue. The albumdses and peptones 
precipitated together contained 1:2°/, I. 

I have also succeeded in making the proteid-free body take up 
a large additional quantity of iodine. The method of procedure was 
the same as described above for the colloid matter. Starting with a 


1 Hellin, Archiv. f, exper. Path. und Pharmak. xu, p. 121. 1867. 
2 Verlandl. d. 15ten. Cong. f. inn. Med. p. 226, 1897. 
3 Miinch. Med. Woch. Nos. 8 and 9. 1898. 
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proteid-free body containing 3°69°/, I., I have found the product, after 
repeated reprecipitation and washing, to contain 7°38°/, I. Even the 
proteid-free body, therefore, would seem to be capable of taking up a 
large quantity of iodine in addition to that which it already contains. 
Are the preparations thus artificially ‘fortified’ with iodine more 
active than the originals? I have endeavoured to find a reply to this 
question by observing the effects of the administration in the same 
- dose and in the same individual (1) of ordinary colloid, (2) of iodised 
colloid: In all I have investigated 3 cases in this way, but have been 
quite unable to find that the pharmacological effects of the fortified 
products are greater than those of the originals. I have not yet had 
an opportunity of comparing the action of the proteid-free body with 
that of the same body in which the percentage of iodine has been 
artificially increased. 

One would conclude from the whole evidence that the iodine in the 
thyroid gland if it plays an essential part in the activity of the latter 
at all, does so simply in virtue of the special form of combination in 
which it is present. Mirva and Stoltzner' found that there was no 
iodine in the thyroids of young infants or in those of dogs fed 
exclusively on meat, and concluded that the presence of iodine is 
- not essential for the activity of the gland. It would be interesting (as 
they suggest) to try the effects of administering such iodine-free 
thyroids, but I have not yet been able to procure any. The thyroids of 
lambs and calves as they come into the _— are, as will be seen 
from the table, fairly ion in iodine. 


4. Effect of the Thyroid on Blood-Pressure. 


From a pharmacological point of view it is of some importance to 
determine what ingredient of the thyroid it is which is capable of 
causing the fall of blood-pressure demonstrated by Schafer and 
Oliver. To decide this point I prepared the following solutions: 
(1) A solution of pure colloid matter in 0°1 NaOH. (2) A solution of 
the extractives made by precipitating all proteids from an extract of 
the gland, with acetic acid and heat, neutralising and evaporating to a 
‘small bulk. (3) A solution containing the mineral constituents of the 
last solution, made by evaporating the extractives to dryness, heating 
till a black coal was left and extracting the latter with boiling water 
and filtering, the solution being afterwards made : to the Keane 


‘1 Jahrb, f. Kinderheilkunde, p. 83. 1897. 
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bulk of the solution of extractives 
evaporated. With the kind assist- 
ance of Mr Barnard I have studied 
the effects of the intravenous injec- 
tion of these solutions upon’ the 
blood-pressure of cats, The usual 
technique was employed; the animals 
were throughout the experiment 
fully anzsthetised with chloroform, 
the arterial pressure was taken in 
the carotid and the solutions were 
injected through a canula placed in 
the external jugular vein. In two 
of the experiments cardiometer 
tracings were taken as well, to 
observe whether any effect was 
produced upon the heart. All the 
preparations tested were prepared 
from the thyroids of sheep and the 
dose of each injected was 14 cc, 
Altogether four experiments were 
performed. The results were always 
quite definite and uniform and were 
as follows : 

1. Injection of a solution of the 
colloid matter has no effect on blood- 
pressure at all. (Fig. 1 0.) 

2. Injection of a solution of the 
extractives produces a decided fall, 
the degree of the latter being pro- 
portional to the strength of the 
solution of extractives employed. 
(Fig. 1 £.) 

3. A solution of the mineral 
ingredients contained in the solution 
of extractives produces a slight fall, 
but not nearly sufficient to account 
for the lowering of blood-pressure 
which follows injection of the ex- 
tractives. 


similarly injected. — 


the injection of a stronger solution of extractives. 


At C a solution of 


At E a solution of the extractives was 


the lower by the blood-pressure in the carotid. 


the colloid matter was injected into the external jugular vein. 
The second fall at the right hand end of the trace was produced by 


Fig 1. The upper trace was produced by the cardiometer, 
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No effect was observed upon the heart in either of the experiments 
in which attention was directed to that point. I would conclude from 
these experiments that the fall of blood-pressure which follows injection 
of extracts of the thyroid is due mainly to an organic extractive or 
extractives contained in the gland, but in part also to mineral sub- 
stances, possibly salts of potash. It is interesting to note that the 
injection of a solution of Liebig’s Extract of approximately the same 
strength as the solution of thyroid extractives was also followed by a 
fall of blood-pressure. 

These results are quite in keeping with those of v. Vamossy and 
Vas' who found that iodothyrin has no effect on the heart or blood-— 
pressure, this result being also confirmed by the observations of 
Kobert* Cunningham® has found that the extractives produce a — 
_ fall of blood-pressure in dogs when — into a vein but not when 
given by the mouth. 


5. of Intravascelar Injection of Colloid Matter. 


Solutions of pure colloid matter were prepared in 1°/, sodium 
carbonate, and were injected into the external jugular vein of rabbits 
anssthetised with chloroform. Three experiments were performed as 
follows : 

1. Brown rabbit (5 Ibs.) 30 ¢.c. injected, no result. 

2. Brown Belgian Hare (6 lbs.) 50 c.c. injected, no result. 

3. Black rabbit (5 lbs.) 160 c.c. injected, died shortly after the 
injection but no intravascular clotting found. 

I have therefore been unable to produce intravascular clotting by 
the injection of solutions of the colloid matter. Gourlay* gives the 
results of similar experiments. It is noteworthy that he obtained 
intravascular clotting with 22 ¢.c. of “thyroid nucleo-albumin” pre- 
pated by Halliburton’s method while he required 120—150 c.c. when 
the substance was obtained by precipitation with acetic acid. This 
may perhaps be explained by the fact that, as I have shown before, 
the sodium chloride method extracts nucleo-proteid from the thyroid, 
whereas the acetic acid method throws down the colloid matter which 
contains no nuclein or paranuclein. Langendorff* states that he has 


1 Miinch. med. Woch. No. 25. 1897. 

2 Verhandl. d. 14ten. Cong. f. inn. Med. p. 153. 1896. 
% Journal of Experimental Medicine, ut. p. 147. 1898. 
* This Journal, xvi, p. 23. 1894. cae 
® Berlin. klin. Woch. No, 35. p. 786. 1889. 
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produced intravascular clotting by the injection of thyroid extracts, 
but he gives no details as to the mode in which the extracts were 
prepared and as to the quantity injected. On the whole, while I am 
not prepared to deny that it may be possible to produce intravascular 
clotting by the injection of solution of the colloid matter, yet I think 
that the latter must be regarded as possessing only a wr ee to 
produce these effects. 


6. Relation of the Thyroid to the Ovaries and Testes. 


The clinical facts of enlargement of the thyroid during pregnancy, of 
alterations in size of goitres at the menstrual period, of the tendency of 
exophthalmic goitre to be accompanied by menorrhagia and myxcedema 
by amenorrhoea, indicated the necessity for experimental investigation 
- of the relationship (if any) of the thyroid gland to the reproductive 

organs. The first point to determine was whether or not removal of 
the ovaries or testes has any influence, preventive or otherwise, over 
the acute symptoms which follow thyroidectomy. With this object 
experiments were performed on dogs and cats, the plan being to 
remove the ovaries or testes at varying periods before or after 
thyroidectomy, and then to observe whether the symptoms produced by 
the latter operation were in any way modified. During the operations 
the animals were fully anzsthetised with ether and chloroform and 
careful antiseptic precautions were adopted, the wound in nearly every 
case healing by the first intention. The results of the experiments are 
contained in the following table : 


No. Animal Operation Result 
1. Cat Simultaneous ovariotomy and Acute symptoms, death in 2 days 
2. ” ” ” ” ” 7 days 
3. ” ” ” 4 days 
4, Bitch Quite well 2 months later; killed 
with chloroform; no accessory 
| glands detected 
5. Bitch  Ovariotomy; 5 days later thyroid- Usual symptoms; death in 7 days 
ectomy 
6. Cat Ovariotomy; 7 ” ” ” ” rT) 5 days 
7. Cat Ovaries and horns of uterus re- _iee, » 10 days 
moved; 10 
tomy 
8. Bitch Horns of uterus ligatured & - ou » 5 days 


— 10 days later 


roidectomy 8rd da off and a 

month later wa sil quite wel 
10. Cat Testes absent. Thyroidectomy Usual symptoms; death in 6 days 
ll. Cat Thyroidectomy; no symptoms fol- Died on tight of 

lowed except some loss of hair ; pres oe collapse ; | 
10 weeks later, ovariotomy post-mortem : 

PH. XXIII, 13 
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In addition to these experiments others of a somewhat similar 
nature have been recorded by Kent? upon the influence of previous 
castration on the. results of thyroidectomy. Of three cats in which 
complete castration was performed at periods varying from 6 to 15 
days prior to thyroidectomy one took the usual acute symptoms, the 
others exhibited apparently rather a chronic cachexia. Kent con- 
cluded that “castration has a tendency to protect the animals from the 
effects of excision of the thyroid, at all events for a time”. Other two 
cases have been recorded by Welsh®* in which the testes were already 
absent when removal of the parathyroids took place, but in both cases 
the usual symptoms supervened. - | 

‘From my own experiments I would conclude that removal of the 
ovaries at any time prior to the performance of thyroidectomy has no 
influence on the symptoms produced by the latter operation. As 
_ regards case No, 4, in which the double operation was followed by 
entire absence of any of the usual symptoms of thyroidectomy, I am 
not prepared to give an explanation, but there was certainly no reason 
to attribute the immunity from symptoms to the previous ovariotomy. 
Castration performed at a long interval before thyroidectomy does not 
seem to protect in. the least from the results of the latter ; if performed 
a short time before removal of the thyroid it may possibly modify 
somewhat the acute symptoms, but not invariably, and im any case the 
chronic cachexia is not prevented. 

There does not seem, therefore, to be any decided antagonistic 
action between the reproductive organs and the thyroid, or at least not 
of such a sort as can be demonstrated experimentally. The question 
of possible complementary action is more difficult to decide. I have 
certainly found that on the one hand the free administration of ovarian 
substance has absolutely no effect in myxcedema, and on the other hand 
the symptoms produced by thyroid administration in women whose 
ovaries have been removed do not appear, as far as I have been able to 
observe, to differ in any way, either in kind or in severity, from the 
symptoms ees in normal individuals. | 


7. The Results of Thyroidectomy. 
The nature of the acute symptoms which follow removal of the 


thyroid, and the fact that they are abolished by the administration of 
nerve sedatives suggest that the cause of the symptoms will be found 


1 Proc. of Physiol. Soc. This Journal, xv. No. v. 1893. 
* Journ. of Pathol. v. p. 202. 1898. 


ay 
& 
i 
: 
q 4 
i 
7 
* 
BS 
ig 
~ 
33 
~ 
4 
; 
4 
§ 
a 
hi 
‘a 
$ 
‘ 
4 
ix 
4 


THYROID GLAND. 187 


in some toxic substance affecting especially the central nervous system. 
Gley* found that the toxicity of the urine of dogs was increased after 
thyroidectomy, and although the serum was not quantitatively more 
toxic than normal, yet the injection of it produced in rabbits clonic and 


fibrillar contractions of muscle. He inferred that the serum contained 


a poison which produced the symptoms. 

_ I have tried to discover similar evidences of a poison (1) in the bile, 
and (2) in the central nervous system. The method of experiment 
consisted in the injection of the bile or a glycerine extract of the spinal 
cord from an animal which was suffering from the usual acute symptoms 


after thyroidectomy into another animal whose thyroid had just been 


removed, and which had not yet manifested any symptoms. Two 


experiments were performed with bile, all the bile found in the gall- 


bladder (5-10 c.c.) being injected, and two with glycerine extract of 
spinal cord. In all cases the results were purely negative, the onset 


_ of symptoms not being hastened in the least by the injections. 


As regards the results of thyroidectomy I find that, taking 24 conse- 
cutive cases in which I have performed the operation on dogs or cats, 
death has resulted with the usual symptoms in 20, while 4 have survived 


_ the operation, or 16°6 °/,. In two of the cases of survival there were 


never any symptoms manifested at all, in one there were transitory 
nervous symptoms which soon passed off leaving the animal in appa- 
rently perfect health, and in the fourth there were some signs of slight 
chronic cachexia (falling out of hair, &.). This is a considerably lower 
recovery rate than that recently given by Munk ’* (25 °/,) and is more 
in accordance with the results of Rouxeau®, who found that four-fifths 
of the rabbits he operated upon died with acute symptoms. 

Recent work seems to show that the acute symptoms of thyroid- 
ectomy are due not to removal of the thyroid proper, but of the 
parathyroids which are so often embedded in it. It is very probable 
that the cases of recovery cited above were due to the leaving behind 
of one or more of these glands. Certainly I cannot exclude that 
explanation in my own cases. I am also by no means so certain as I 
once was that one can save many animals from the results of thyroidec- — 
tomy by thyroid feeding. Further experience has tended to convince 
me that one can only count upon success in a minority of cases, although 


1 Archives de Physiologie, x1v. p. 311. 1892. 
2 Virchow’s Archiv, cu. p. 271. 1897. 
9 Archives de Physiol, (5) rx. p. 136. 1897. 
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I should hardly have expected that minority to be so small as Stabel’, — 
for instance, found it, when he says that of 21 animals operated on only 
two or three were benefited by thyroid treatment. That some animals ' 
are benefited, or even entirely saved, by thyroid feeding, especially T 
if begun immediately after the operation, there can certainly be no 
doubt whatever, however one chooses to explain it, and I have already 
given examples of such cases in @ previous paper, and there are many — 
others to be found in the literature of the subject. 

In this connection I may mention that I have recently had oppor- 
tunity to observe the effects of feeding with parathyroids’ in a case of 
myxcedema, but although 6 ox parathyroids were administered daily for 
a week no appreciable effect was produced. While, therefore, there can 
be no doubt that thyroid feeding is sometimes capable of preventing 
the sequele of removal of the parathyroids, it would seem that feeding 
with parathyroids produces no alleviation of the symptoms due to 
inactivity of the thyroid itself. | 

Lastly, I may mention that I have not found that keeping the 
animals warm has any effect in warding off the acute symptoms. I 
have kept several of the animals after the operation in a room the 
temperature of which was 80° F., but have not found that the onset 
of symptoms was — thereby. 


-SuMMARY. 


1, The percentage of iodine contained in the colloid matter varies 
very considerably, but on an average amounts to 0°309 °/, of the dried 
substance. 

2, Of the products of digestion of the colloid matter, only those 
which contain iodine are active, and the degree of activity of each is 
roughly proportional to the amount of iodine present. 

8. lIodised nucleo-albumin prepared artificially from the thymus 
possesses none of the activity of the colloid matter. 

4. If the proportion of iodine in the colloid matter be artificially 
increased to even ten times the normal amount, its activity is not 
thereby increased at all. i 

5. The proteid-free body can also be made to take up an additional 


1 Berlin. klin. Woch. Nos, 38-85. 1867. 
? The parathyroids were kindly supplied to me by Dr D. A. Welsh. 
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amount of iodine fully equal to that which it already contains. ‘The 
activity of this product has not yet been tested. 

6. Intravenous injection of a solution of the colloid matter has no 
effect on the blood-pressure or heart. 

7. The fall of blood-pressure which results from the injection of 
thyroid extracts is due mainly to one or more of the organic extractives 
present, and to a less degree to the presence of mineral salts. 

8. I have not succeeded in producing intravascular clotting in 
rabbits by the injection of the colloid matter. 

9. Previous removal of the ovaries or testes has no influence upon 
the results of thyroidectomy and ovarian feeding has no curative 
influence in myxdedema. 

10. I have not been able to find any evidence of the presence of 
@ poison in the bile or central nervous system of animals who are 
suffering from the results of thyroidectomy. 

11. Of 24 consecutive cases of complete removal of the thyroid 
only four of the animals survived (16°6°/,). This percentage can be 


raised by thyroid feeding, but only to a small extent. 


- 12. Parathyroid feeding has no effect in myxcedema. 

13. Keeping animals (dogs and cats) warm after thyroidectomy 
does not delay the onset of the acute symptoms, nor does it modify | 
their course. 

I have to thank the kindness of Drs Stephen Mackenzie, 
Herman, Percy Kidd, and Bertrand Dawson for much assistance 
and encouragement in the clinical part of my work. 


June, 1898, 
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ON THE MINUTE ANATOMY OF THE NEURO- 
MUSCULAR SPINDLES OF THE CAT, AND ON 
THEIR PHYSIOLOGICAL SIGNIFICANCE. By 
ANGELO RUFFINI, Lecturer on Histology, Royal Um- 
versity of Stena. (Plates II. IIL) — 


I was led to renew enquiry into the structure of the muscle-spindle 
by a discussion between myself and Prof. Kerschner, of Briinn, which 
arose when I returned to the subject after publishing a preliminary 
Note describing the endings of the nerve-fibres in the spindle’. I had, 
however, no wish to pursue further a polemical controversy after the 
appearance of the paper by Sherrington’, who in treating of the 
subject accorded me priority of demonstration and exact description 
of the nerve-endings in the spindles, 

The description of the nerve-ending in my first work, although 
correct so far as it went, was not entirely complete. I am glad now 
to furnish a complete account of the nerve-endings, adding various 
details to those previously given®. 

It is unnecessary to recount here in full the history of the study 
of the neuromuscular spindles. This has been done by others, and 
_ ddwn to the year 1889 is easy of access to all in the last edition of 

illiker’s Gewebelehre. Yet I must mention a few points that impart 
clearness to my description. 


A. H. Hassall (1851) was first to report the presence in adult muscles 
of slender muscle-fibres, the function of which he believed to be the successive 
reproduction of new ones. Hassall’s description and interpretation, although 
brief, show clearly he had before him “ muscle-spindles*.” Rollett (1856) 
noted in adult muscles certain fibres morphologically unlike the rest ; but he 
furnished no exact description. To Weissmann (1861) certainly belongs 


1 Ruffini, Rendic. d. R. Accad. dei Lincei. Cl. sc. fis. e. nat. 1. Ser. 5. 1892. 

Sherrington. This Journal, 1894. 

3 Ruffini. Monit. Zool. Ital. vii. Marzo, 1896. 

* I borrow this criticism from Trinchese, Mem. d. R. Acead. d, Sc. dell’ Istituto ai 
Se, IV. 1890. 
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the credit of first clearly and accurately figuring and dnoieihiae the so-to-say 
grosser characters of the muscle-spindle. For that reason I with Kélliker 
wish to associate his name with the bundle of muscle-fibres found inside 
the spindle—the “ Weissmann-bundle.” Between 1862 and 1864 besides 
Peremeschko’s works, which shed no fresh light on the problem, appeared 
valuable observations by Kiélliker and Kiihne. These supplied many 
details of structure and were illustrated by accurate figures: in them the 
structures received for the first time special names, Kélliker calling them 
muscle-buds,” Kiihne “ muscle-spindles.” After these papers none further 
appeared on the subject for fifteen years. Then between 1878 and 1883 
appeared notices of the spindles in monographs by Ranvier, Kraske, Roth, 
Golgi, Krause, Millbacher, and Bremer. These notices besides con- 
tributing various fresh facts served to call general attention to the existence 
in embryonic and adult muscle of special structures whose nature and function 
were matter of conjecture and dispute. Roth, dissenting from the names 
introduced by Kélliker and Kiihne, preferred to speak of the structures 
as “neuromuscular bundles.” From 1885 to 1892 such a series of papers 
appeared that I should transgress the limits set me were I to deal with all 
details discovered and the various hypotheses advanced. It must suffice 
to recount the names of Mays, Mayer, Frankel, Eisenlohr, Klebs, 
Kerschner, Felix, Eichhorst, A. Cattaneo, Babinski, Trinchese, 
Franqué, Dogiel, Santesson, Pilliet, Bloc and Marinesco, and 
Christomanos. 

The most valuable work of this period was that of Cattaneo, Mays, 


Kerschner and Dogiel, and after their contributions the main desideratum 


left from the point of view of structure was exact knowledge of the mode of 
ending of the nerve-fibres that reach the spindle, That part of the anatomy 
remained still obscure, | 

Finally, from 1892 to the present day there have appeared, besides 
Thanhoffer’s monograph, the researches of myself, of Kerschner and 
of Sherrington. It was only that year that the mode of nerve-ending in 
the spindle received, as Sherrington has pointed out, a great impetus from 
my work: this will be clear to anyone who will compare my own with 
the preceding descriptions. The interpretation of the function of these 
organs is intimately dependent on the knowledge of the structure of the 
nerve-ending. This is clear‘ from the marked reticenve as to functional 
interpretation rightly displayed by the investigators who busied themselves 
with the structures but did not decipher the nerve-ending. They contented 
themselves with calling them embryological, pathological, or “special” organs. 
Ranvier had, in fact, gone as far toward interpretation as any in calling 
attention to the likeness between their concentric lamellar capsule and that 
of a Pacinian corpuscle. At the latter end of 1888 Kerschner argued that 
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they were sensory. It must be admitted by any temperate and dispassionate 
critic that this hypothesis was then premature and an a priori view without 
adequate anatomical fact for it. I was forced to enter on this question 
elsewhere’ and will not now repeat the grounds for my critique; there seems 
to me neither place nor further necessity. To the various interpretations 


given of the spindle other than the sense-organ view it is now no longer 


necessary to refer. 


Of the numerous names given to these special structures I have 
cited only a few. None of those proposed seem to me to fully satisfy 
the requirements exacted by the history or morphology of the tissue. 
General usage sanctions Kiihne’s name, “ muscle-spindle.” To change 
it for a new one seems to me hardly worth while. Yet it does seem 
to me necessary to prefix to the adjective muscular the further epithet 
neuro, thus in part adopting the suggestion of Roth. I therefore speak 
of neuromuscular spindles. The prefix neuro is required because as 
shown below the nerve-endings constitute the most interesting features 


of the whole specialised structure. I must preface my description of — 


the nerve-endings in the neuromuscular spindles of the cat by a review 
of the structural characters of the spindles in mammals as a whole. 

The mammalian neuromuscular spindle requires a description quite 
apart from the neuromuscular spindles studied in amphibia and reptiles. 
The following general critique is based on the most interesting work 
of Sherrington, on K6lliker’s summary, and on my own researches. 

We have in the neuromuscular spindles of mammals to consider 
(1) their general form, (2) their topography, (3) their number, (4) the 
capsule and its relationships, (5) the lymphatic space, (6) the bundle of 


_ striped muscle-fibres (bundle of Weissmann), (7) the nerve-fibres and 


their endings. | 

(1) Form, The neuromuscular spindle is not invariably fusiform 
although approximately so in the vast majority of cases. In my gold 
preparations the proximal end is very often the larger. Along the 
organ occur one or more fusiform dilatations which as will be shown 


coincide with regions of nerve-ending. Frequently a spindle is com- 


pound, that is, consists of two or rarely three simple spindles conjoined 
(Sherrington). The entire length is given by Kélliker at 7—4 mm. 
by Sherrington at 8—3'5mm. The diameter at entrance of the 
nerve-fibres varies according to Kélliker between 72 and 9 y, and 


1 Anat. Anzeig. 1893. 
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the greatest width of a spindle varies according to Sherrington 


between and 200 pw. 


(2) Topography. A. Cattaneo and Kélliker advance the rule 
that the region of the muscle which contains spindles is the near 
neighbourhood of the tendon. Sherrington found them numerous 
also in the fleshy mass of muscles and close to aponeuroses and intra- 
muscular septa, in the latter case sometimes inclined at an angle with 
the general trend of the muscle-structure. I have myself also found 
them in these situations and in the fleshy mass of the muscle, especially 
near to nerve-branches, as Kerschner and K6lliker have also correctly 
observed. 

(3) Number. As for their either i in 1 the different muscles of the 
body we still know but little. Kélliker states on the basis of his own 
observations on a child of four that each belly of the omohyoid contains 
at least fifteen. Sherrington believes them relatively more numerous 
in the small muscles of the foot and hand than in the large muscles of the 
leg. He found many of them, however, close to the aponeurosis of the 
vastus internus cruris. I can add nothing further of my own knowledge 
on these points. I am pretty sure, however, that in a number of muscles 
the neuromuscular spindles are more numerous than the musculo- 
tendinous organs of Golgi. The ocular muscles are an exception, for 
in them Sherrington did not find a single spindle, although it is 
a well ascertained fact that they possess musculo-tendinous organs. 
It is an old statement, recorded by the majority of those who have 
studied spindles, that they appear more numerous in embryonic infant 
muscles than in adult. This it was which contributed with other 
circumstances to lead to an erroneous view of the meaning and function 
of the structures. To me it appears a statement altogether without 
foundation, The number of spindles in embryonic muscles is not 
absolutely greater than in adult, but it is true they form relatively 
more conspicuous fractions of the muscles because the parts outside 
the spindles are then relatively small. Similarly the tendon organs 
of Golgi are relatively more conspicuous in embryonic tendons man 
in adult. 

(4) Capsule and its relations to other slements. Each spindle is 
enveloped in a capsule sheath made of concentric lamellx, varying 
in number with the spindle and animal species. The lamellz com- 
pletely resemble those of a Pacinian body. They are composed of dense 
fibrillate connective tissue; but we do not know if the fibrils are 
disposed in two strata, an outer longitudinal and inner circular, as 
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in the lamelle of the Pacinian organ. The lamelle are lined on either 
face with a layer of endothelium, and the apes between the lamellz 
contain fluid, probably lymph. 

But while the structural characters of the ula itself are now 
known with tolerable precision, little has yet been ascertained regarding 
its arrangement around the organ and along the length of the organ. 
Sherrington, who has furnished us with a number of valuable facts 
about the structure of the capsules, says on this point little more than 
that the fibrous tissue of the capsule at the distal apex of the spindle 
adheres closely to the tendon bundles of the spindle itself. Kerschner 


only says that at each pole of the spindle the capsule thins away owing 


to disappearance of its lamellae and adheres more closely to the muscle- 
bundle. 

My own preparations show clearly that the disposition of the capsule 
may differ in different parts of the spindle. I cannot absolutely deny 
that the proximal end at its extremest distance from the nerve termi- 
- nation is provided with a capsular investment, but I can say that I 
have never succeeded in finding it. The muscle-fibres are there always 
well apart from one another, and not closely bound together as in the 


rest of the spindle. This leads me to believe that the capsule there | 


is either altogether wanting or is reduced to a single lamella that is 
very easily torn in the manipulation of preparing the specimen. The 
capsule begins to manifest itself with full distinctness where the nerve- 
fibres apply themselves to the spindle. From that place its layers 
gradually increase in number, to reach a maximum of 6—8 in that 


region which corresponds with the portion of the nerve-ending that 


I shall describe and call the “primary ending.” Thence the capsular 
lamelle gradually decline in number, and end by meeting and adhering 
to the tendinous portion of the spindle (Fig. 1). 

The capsule of the spindle is surrounded by the perimysium 
internum, which divides it from the surrounding muscular fibres. In 
this perimysium course the numerous blood vessels already noted 
by Cattaneo, Kerschner and Kélliker, One of these vessels usually 
runs along the outer part of the capsule, and from it proceed capillary 
blood vessels which take a more or less spiral direction within it 
(Sherrington). A fact not yet noticed so far as I know is the 
existence of elastic fibres on the capsule of the spindle. I have found 
them both in man and in the cat. These elastic fibres are abundant, 
but I cannot say with certainty whether they lie on or between the 
lamella or enter as an intrinsic part into the actual substance of the 
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lamelile, as Tartuferi’ demonstrated is the case. with the elastic fibres 


of the capsular lamellw of the Pacinian organ. From their distribution 
and appearance I incline less to the last than to the two former 
possibilities; but there may also be intrinsic elastic fibres in the 
lamelle that would for demonstration require some special method 
such as that devised by Tartuferi. 

(5) The lymphatic space. Between the inner face of the capsule 
and the outside of the Weissmann-bundle exists a space which Golgi 
and then Sherrington have declared to be lymphatic. That it is 
really a lymph space is indeed placed beyond doubt by Sherrington’s 
success in injecting it by injecting the lymphatics of the limb. 
According to Sherrington the space may measure from 5y—l5p 
across toward the ends of the spindle, and up to 40u—50y in the 
middle region between the poles, In this space are discoverable 


proteid precipitates and some lymphocytes, never blood-corpuscles. 


The space is spanned by tenuous membranes and filaments, on which 

are endothelial cells. Outward the membranes and filaments join the 

inmost lamella of the capsule, inward the connective sheath of the 

Weissmann-bundle (Sherrington). To this space Sherrington gave | 

the name “ periaxial ‘space; to me a preferable term would seem — 
“ perifascicular space.” 

(6) The bundle of striped muscle-fibres ( Weissmann’s - bundle) 
The centre of the neuromuscular spindle is occupied by a bundle of 
striped muscle-fibres which in honour of its first describer it is only 
just to designate Weissmann’s-bundle. This bundle is composed of | 
3—4 fibres in the rabbit, 3—10 in man (Kélliker), 2—12 in the cat 
and monkey (Sherrington). In a compound spindle as many as 
twenty fibres may be observed but are never existent as a single 
bundle (Sherrington), The diameter of these fibres is less than 
that of ordinary muscle-fibres. The parent fibres in the spindles of 
the rabbit measure 384—53y, and the daughter fibres 194—22y 
(Kélliker). In the cat and monkey they average between 6 and 


 28u (Sherrington). Their striation is very marked. In cross-section 


they present an appearance somewhat similar to the cardiac fibres of 
Purkinje or the myoblasts of Schaffer (Sherrington). In general 
they are furnished with sarcolemma, but on some of the fibres 


sarcolemma cannot be demonstrated (Sherrington). Nuclei are more 


abundant in their sarcolemma than in that of ordinary muscle-fibres. — 


_} Tartuferi. Bulletino delle Sc. Med. di Bologna, Ser. vu. Vol. iv. 
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The substance of these muscular fibres is provided along its whole 
length with numerous nuclei, many of which lie in a bed of granular 
protoplasm (Golgi). In these nuclei Sherrington never found karyo- q. 
kinetic figures, a point which militates against their being as once , 
urged centres of muscular growth. It seems that the fibres of the oe 
bundle lie simply apposed without intervention of connective tissue 
(Kolliker), and that the bundle is ensheathed in a delicate layer of 
connective tissue described by Sherrington and called by him the 
“axial sheath.” 

Of the two ends of the Weissmann-bundle one is muscular. This 

_ may be called the proximal end. The other is tendinous and may be 
called the distal end. In the muscular or proximal end lie the so-called — 
parent muscular fibres, which by lengthwise subdivision make daughter 
fibres. One parent fibre can split into as many as three daughter fibres. 

The parent fibres are of much greater diameter than the individual 
daughter fibres, and in cross-section present various polygonal figures, 
while the daughter fibres are generally circular (Sherrington). The 
muscle-fibres proceed, gradually diminishing in breadth as they approach 
the tendinous or distal end of the spindle. Not all the fibres become 

_ tendinous at the same point, and hence the length of their tendon 
filaments separately varies. Sherrington has observed some 500 to 
600. in length. These tendons of the spindles end ultimately by 
being lost either in the fibrous tissue of aponeuroses or of intra- 
muscular septa or of the proper tendon of the muscle as a whole. It 
often happens, as A. Cattaneo first showed, that the tendon of a spindle 
joins or merges into a tendon bundle containing a Golgi organ. This 
happens especially often with spindles that lie in vicinity of the muscle- 
tendon. 

From what has been said it will be clear that the Weissmann- 
bundle need not itself be fusiform. Wide above in the muscular end 
of the spindle it gradually diminishes in width and becomes very 
slender at the tendinous end; but each bundle has on its course more 
than one fusiform expansion, an expansion which is however of only 
moderate dimension. The Weissmann-bundle presents a circular 
rather than an angular cross-section. Its diameter in the median part 
varies from 32u to 904. One often finds the bundle placed eccentrically 
in the circular space of the capsule, but this is due to asymmetry in the — 
capsule itself, which at one side will come close to and at another lie far 
from the Weissmann-bundle. In longitudinal section the Weissmann- 
bundle is always found to extend in a right line (Sherrington). 
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(7) The nerve-fibres and their endings. I shall in this section 
confine my description entirely to the spindles of the adult and new- 
born cat. I shall refrain from treating of other animals, because on the 
one hand my series of preparations from other animals is still an 
incomplete one, and on the other it seems well before attempting 
comparison between spindles in different groups of animals to obtain 
a fairly complete view of the type of structure in one living species. 
The task of description and explanation is much lightened thereby. 

In my first communication on this theme I wrote at a time (1892) 
when no one had observed exactly how the nerve-fibres behave inside 
the neuromuscular spindles—in spite of Kerschner’s later assertions 
to the contrary. Prior to the publication of my communication the 
only authors who had given, I will not say a description but a partial 
sketch of the terminal apparatus of the spindle were Kélliker and 
Kerschner. The latter sought to distinguish a sensori-motor ter- 
mination in the spindle; the former recognised no such distinction 
but confined himself to speaking of a mode of termination remotely 
corresponding to that claimed by Kerschner as sensory. All they 
say is that amyelinate fibres spirally ensheath the Weissmann 
muscle-fibres and here and there show free ends. In 1893 Kerschner 
went further and defined more precisely certain anatomical data, but 
that was a year after the appearance of my own work. With this 
necessary prelude I pass to an exposition, as clear and brief as I | 
can make it, of my own observations. 

I have used throughout the gold chloride method. I am staple | 
from long trial that from this of all existing methods one can expect 
the clearest—indeed surprisingly clear—results, 

The nerve-endings are not of quite similar kind or abundance in 
all neuromuscular spindles in the cat. Hence apart from mere 
convenience of description or desire to schematise one must distinguish 
three types of spindles : 

1st type. Spindles with complex terminations. 

2nd , Spindles with intermediate terminations. 

8rd_,, Spindles with simple terminations. 

: In general there can be distinguished in the cat three distinct kinds 
of nerve-ending—the primary ending, the secondary ending, and the 
plate-ending. 

The primary ending. This is that of which Kerschner and 
Kélliker speak, and of it I furnished a description and figure in 

1892. It offers a singular appearance not seen in any other known 
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nerve-ending. In some spindles its elegance and regularity are simply 
surprising (Fig. 1 and Fig. 3). Its nerve-fibre just before joining the © 
spindle almost always splits into two or more secondary divisions, which : 
do not part but course together in one bundle and plunge into one and , 
the same spindle. Each of these secondary divisions in turn subdivides | 
into tertiary. This subdivision usually occurs in close proximity to the 
Weissmann-bundle well within the capsule of the spindle. Each 

branch, secondary or tertiary, constituting an ultimate branch of the 

nerve-fibre just before actually meeting a muscle-fibre loses the myelin 

sheath and presents a marked constriction or node. — 


| Here I must briefly digress, in reference to this node. It is now some 
years since the point engaged my attention’. In the varieties of nerve- 
endings that I have studied generally and specially I have found each nerve- 
fibre prior to the terminal expansion exhibit a remarkable node. I can affirm 
that this is a fact universal in the modes of ending of nerve-fibres at present 
known (motor-plates, Golgi organs, Golgi-Mazzoni organs, Pacinian corpuscles, 
Meissner organs, the organs described by myself in the deep cutaneous 
connective tissue, the neuromuscular spindles, &c.). It is at this node that 
the nerve-fibre loses its myelin sheath, becomes “ pale,” and as a “pale” fibre 
proceeds to form the nerve-ending proper. This ultimate node in my judgment 
requires a special name since it makes the boundary between the terminal 
and preterminal portion of the nerve-fibre, and because at it the nerve-fibre 
lays aside the myelin sheath. I therefore call it the preterminal node. The 
morphological characters of this constriction will be described later. : 


After losing its myelin sheath at the preterminal node the nerve- 
fibre applies itself to one of the muscle-fibres of the Weissmann- 
bundle and ends on it. Beyond the preterminal node this pale 
nerve-fibre is quite small and round, but after a short further course 
becomes flat and broad so as to present perfectly the form of a riband. 
This riband wraps right round the muscular fibre. The muscle-fibre 
can be clasped in either of two ways. Most often the clasp is just like 
that of a tendril and is spiral; the turns lie very close together at the 
middle of the nerve-ending, and gradually open more and more apart 
in a direction away from the middle to finish in a free end, which often 
is enlarged at one of the two extremities of the nerve-ending. Less 
frequently the pale fibre runs along the outer surface of the muscular 
fibre forming a delicate band, which however remains equal neither in 
thickness nor width but is narrow and broader from point to pent 


| 1 Ruffini, Monit. Zool. Ital, vu: 5. 
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slid its course. From one of the margins of this band but not at 
equal intervals start riband-like fibres like that which composes the 
spiral form of ending. These fibres run right round the muscle-fibre 
transversely and finish by meeting again at the opposite end of the | 
band-fibre from which they spring. (Fig. 5a.) 

It is clear that the difference between these two modes of ending of | 
the pale fibre consists in the former presenting a perfect spiral without 
appreciable morphological modification of the amyelinate fibre itself, 
which in its whole length preserves unaltered its flat wide riband 
shape. In the latter mode of ending there are a succession of rings, 
continuity between which is effected by a longitudinal band that unlike 
_ the rings and spiral is but rarely of perfect riband form. 

But there exist forms intermediate between these two endings and 
the two forms themselves can occasionally be found on the same fibre. 
I judged it well therefore to speak of the two together under the single 
term—annulo-spiral ending. Bearing in mind the riband shape of the 
fibre it seems better still to speak of the annulo-spiral riband ending. 
As many muscle-fibres as lie in the spindle at the region of this ending 
are supplied with annulo-spiral ribands. Hence this ending catches 
the eye owing to its great depth of tint and is recognised at a glance 
even under low magnification. 

Not every primary ending is so elegantly regular as the above 
description states. In some the pure spiral or ring form occurs only 
here or there, the greater part showing S or C forms intercalated | 
among forked, hooked or comma-shapes. In these the width of the 
naked nerve-fibre is hardly ever so great as in the characteristic riband. 
Hence the less regular primary endings appear less tinted and less 
voluminous than the ordinary regular type. That in these organs the 
primary endings are not all of exactly identical form need not occasion 
surprise, for a corresponding degree of variety is met in all other species 
of nerve-ending. It is difficult to find two individual end-organs of the 
game species perfectly alike in detail of nerve-ending. It obviously 
therefore behoves the observer to note the limits of morphological 
variation of each kind of organ. 

_ At the extremities of each primary ending, that is following it 
toward the poles of the spindle, are generally to be found the 
extremities of the naked axis cylinder; I say “generally” because in 
the middle of the “ending” can also be seen here and there a free 
ending branch of the nerve-fibril. At the extremities of the primary 
ending the spiral gives place to short fibres set in various directions 
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and possessing expanded ends, The annulate endings spread similarly. 
At the extremities therefore of a primary ending a larger or smaller 
number of rounded clavate or leaf-like figures constantly occur. It is 
not however strictly correct to say as stated in my first paper and 
afterwards by Kerschner that part of the primary ending is a 
“ flowered-ending.” Later and more diligent search has shown me 
that the “ flowered-ending” is a distinct and separate ending, occurring 
near but independent altogether from the primary ending. The 
flowered-ending will be’ described below. Neuromuscular spindles of 
the 7—12 days’ kitten show primary terminations beautifully... The 
amyelinate fibres have not then however acquired the flatness and — 
width, although their arrangement and course is similar to the adult 
form. 

Kiihne (1863) noted the remarkable breadth of the nerve-fibre 
entering the spindle. But among the nerve-fibres of the spindles only 
those which form the primary ending strike the observer as of largest 
size. These exceed in size the nerve-fibres of the Golgi tendon-organ 
(Fig. 1). Usually a single nerve-fibre gives the primary termination ; 
but it is not rare to find instances in which that is formed by two fibres 
which can be followed back as independent fibres into a neighbouring 
nerve-trunk. When a spindle lies far removed from the nerve-trunk its 
nerve-fibres are quite long and join the spindle always at its proximal 
end and run parallel with it close upon it. On reaching the place of 
termination the nerve-fibres without change of direction pierce ~ 
capsule and end as above described. 

When on the other hand the spindle is situate close to the nerve- 
trunk the nerve-fibre of its primary termination is quite short, and 
passes from the nerve-trunk toward the spindle diagonally to the latter’s 
long axis, and almost always in a direction from the proximal toward 
the distal end of the spindle. Arrived at the region of the terminal 
expansion the fibre bends abruptly toward the spindle and joins it in a 
direction more or less at right angles to the long axis of the organ, 
Two fibres can contribute to form the termination, one entering one side 
of the spindle, the other the other. These fibres are invested with a 
thick sheath of Henle, which as has been already noticed by Ktihne is 
continuous with the capsule of the spindle. Sherrington mentions an 
example in which one of these fibres measured 35y from edge to edge — 
of the sheath of Henle. 

When these nerve-fibres pierce the spindle at right angles to its 
axis it is easy to see how the sheath of Henle when the nerve-fibre © 
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bends to meet the spindle begins to gradually widen like the mouth of 
a trumpet or funnel, to terminate insensibly by expanding over and 
fusing with the capsule of the spindle (Fig. 1). Here I may cite an 
old opinion of mine and a recent fact. In regard to the capsule of 
the terminal nerve-organs described by me in 1891 (a description 
unavoidably delayed in publication until 1893) I submitted on defensible 
anatomical grounds that the investing capsule was supplied by the 
Henle sheath of the nerve-fibres distributed to the organs. The self- 
same view I would also submit in regard to the capsule of the Golgi 
tendon-organ, so admirably demonstrated by A. Cattaneo, and in regard 
to all other capsulate end-organs, including the Pacinian corpuscles. 
Now I said above that the capsule of the neuromuscular spindle begins 
to be clearly manifest where the nerve-fibres meet the spindle. From 
this fact in view of the analogy between the manner of behaviour of the 
Henle sheath in the organ I described, in the tendon-organs, and in the 
spindles I cannot avoid the impression that the relation of the Henle 
sheath to the capsule is similar in all. I do not suggest that the 
nerve-fibre which provides the primary ending is the only one the 
Henle sheath of which forms the capsule; the sheaths of all the 
numerous nerve-fibres which go to the spindle may show the same 
relation to the capsule (hence perhaps the greater number of capsular 
lamellz in the spindle than in the other two organs), but that has not 
as yet been actually demonstrated for the nerve-fibres other than of the 

The secondary ending. Beside the primary there exists in the 
spindle of the cat another ending distinct in morphological character 
and in the individuality of its nerve-fibres (Fig. 1). This has not 
been previously noticed, nor did I myself become thoroughly acquainted 
with the secondary ending until pursuing the present sustained re- 
search. The nerve-fibres of the secondary ending are never so large as 
those of the primary. They always enter the spindle at some distance 
from the entrance of the primary fibre. Hence the fibres for the two 
endings, although they may take a paralle\ course, hardly ever lie in the 
same nerve-branch. Sometimes the fibres of the two endings arise 
from altogether different nerve-trunks, The fibres for the secondary 
ending have a less thick Henle sheath, but the sheath behaves as does 
that of the primary nerve-fibre. . The nerve-fibres usually divide into 
secondary branches only after having penetrated the spindle, and the 
secondary branches are never numerous. 

It is noteworthy that together with these fibres for the secondary 
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ending there often run one or two extremely minute myelinate fibres 
which enter the spindle but.are in fact independent of the distribution 
of the nerve-fibres of the secondary ending. _ 
_ The secondary ending is very different from the primary ending, 
Beyond the preterminal node the secondary branches quickly break up 
into a large number of varicose axis-cylinders, joined together by 
extremely delicate and short filaments, These varicose axis-cylinders 
are of diverse form, round, forked, triangular, leaflike, etc. and often 
pies in arrangement a spray of flowers. In observing them I am 
often reminded of those organs first described by Golgi in muscular 
aponeuroses, and discovered by myself to be also in the subcutaneous 
tissue of the human finger pulp and called by me, Golgi-Mazzoni organs. 
As with the primary endings so here, the naked nerve-fibrils of the 
secondary ending are applied around and upon the muscle-fibres of the 
Weissmann-bundle but are hardly ever so heaped together as those of 
the primary ending. Just as somewhat aberrant forms occur among 
the primary endings so among the secondary are some which possess a 


_ typical feature recalling the less common S and C claspers of primary 


endings. One can say that exceptional forms of primary endings ap- 
proach somewhat the secondary ending type, while exceptional forms of 


secondary ending distantly recall here and there the type of the primary 


ending. A practised eye never however has the slightest difficulty in 
distinguishing between the two forms, even when they are atypical. 

The secondary ending lies almost always hard by the primary. That 
is why in my first communication I erroneously looked on this secondary 
ending as a side appendage of the primary. I had not then seen that 
it is another ending altogether distinct. I did however give morpho- 
logical details concerning it, and called it the “flower-spray ending” (or 
“flowered ending”), a name which I propose to keep. This “flowered 
ending” is like the annulo-spiral well seen in the muscles of the week- | 
old kitten. 

The plate-ending. Kerschner in 1888 noted this kind of ending and 
called it the motor apparatus, but nowhere has he ever given of it either 
description or figure. It was only after publication of my first Note 
that it became clear that Kerschner alluded to the kind of ending 
figured in Fig. 3a of my Note. Besides an objective description of this 
ending I must give a comparison between it and ordinary motor end- 
plates, not that from such a comparison a physiological function can be. 
proved, but that from it a certain inference Lerche function may be 
defensibly proposed. | 
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The size of these plate-endings is most variable. Some are met 
with very much smaller than motor end-plates (PI. III. a—+y), some about 
equal to them, and some very much larger than they; these last, the 
large ones, are the most common (ef. Pl. III.) From my own obser- 
vations they appear to me unfurnished with granular supporting 
substance and with the Doyére eminence. The nerve-fibre which 
makes a plate-ending after it has laid aside its myelin sheath at the 
-preterminal node breaks up into a few short, extremely delicate 
branched endings. These quickly begin to form what may be called 
coronets, by means of rounded varicose nerve-fibrils and very minute 
hooks set side by side. These coronets, which combine in various 
ways in the “plate,” terminate by free ends which are obviously en- 
larged into bosses at the outer edge of the plate. By this arrangement — 
arise a number of most delicate and elegant knobbed arborescences 
altogether different from the other two kinds of endings seen in the 
neuromuscular spindles. Rarely it can be seen that a pale fibre instead 
of an arborescence makes rather a web, in which however are constantly 
to be seen alternate widenings and narrowings of the naked nerve-fibre 
(Pl. TIT. a—x). | 

If we compare now the structure of this nerve-ending with that of 
motor end-plates we see at once the great difference between them. 
The motor end-plates, usually smaller, vary very little in size. They 
are generally rounded, furnished with granular supporting material and 
with the Doyére eminence. The nerve-fibre after the preterminal node 
breaks up it is true into slender twigs, but these in forming the 
nervous-expansion never give the appearance of the coronet or the net 
but are short and thick, presenting here and there some irregular 
varicosities. The outer branches, often curved, give many or few side 
twigs that not unfrequently join one another, thus forming a network of 
extremely close mesh. The naked nerve-fibres of the motor plates also 
terminate with free but slightly widened ends (Pl. IiI. a—/). 

The nerve-fibres going to furnish the plate-endings are the smallest 
nerve-fibres as a rule of all those going to the spindle. They have a 
very closely fitting sheath of Henle and are really independent of the 
fibres which provide the other nerve-endings of the spindle. They do 
not always take a direct path to the spindle, especially when the latter 
lies far from the nerve-trunk. They then wind in various directions 
and run long distances before penetrating the spindle. These fibres can 
enter into the spindle either with the fibres of the primary endings, or 
with those of the secondary ending, or separately at a distance from 


14—2 


‘ 
wa 
a 
% 
iW 
a 
i< 


204 RUFFIN. 


either. In every case after. having entered they also run constantly 
through a longer or shorter stage of winding and twisting before 
furnishing the terminal expansion. This is characteristic, as is also 
another fact that demands attention here. However exhaustively I have 
examined my preparations I have never once seen these fibres either 
before or after their entering the spindle divide into secondary branches. 
Each ending has a nerve-fibre to itself, which can be traced right back 
into the nerve-trunk from which it proceeds (Pl. II. Fig. 1, pl. e.). 

Both the morphological characters of the serve-tiiwes of these 

endings and their mode of behaviour differ therefore from those of motor 
end-plates. 
In the spindles of a week-old kitten these endings can be seen 
perfectly clearly. They do not however then possess all the characters 
of the fully-formed endings of the adult cat, and in that respect they 
resemble the other forms of ending in the spindle. 


This brings me to the end of the uiahpile I have made to the best 
of my power of all the kinds of nerve-endings contained in the neuro- 
muscular spindles. There remains the disposition of these endings 
within the spindles. The classification I gave above distinguished 
three types of spindle: Ist type, spindles with complex nerve-ending : 
2nd type, spindles with intermediate nerve-ending: 3rd type, spindles 
with simple nerve-ending. It remains to be shown in what the 
difference between the three types consists. 

I, Neuromuscular spindles with complex nerve-ending. In these, all 
three of the above-described forms of nerve-ending co-exist, and for that 
reason these are the spindles richest in nerve-fibres (Pl. IT. Fig. 1). 
Apart from the organs of special sense (eye, ear, etc.) the body 
possesses no terminal organ that can compare with these in richness of 
nerve-fibres and of nerve-endings. These do not however occupy the 
whole length of the Weissmann-bundle, nor are they ever much 
separated one from the other except for the plate-endings. The last, as 
said above, lie often far removed from the situation of the primary and 
secondary endings. Of primary endings usually only one can be found 
in each spindle. Rarely there are two, and then these lie widely apart. 
The Weissmann-bundle in the region of this ending is often slightly 
fusiform. Of the flower-spray endings there are constantly a pair. 
These bear three different relations in respect to the primary ending : 
(a) one flowered ending lies on the proximal, another on the distal side 
of the primary ending, so that the primary is between them ; (8) both — 
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flowered endings lie on the proximal side of the primary ending; 
(y) both flowered endings lie on the distal side of the primary ending. 
Whichever disposition occurs the closeness with which the primary and 
secondary endings keep together is curiously clear. The relation be- 
tween them appears to me always contiguity not continuity. 

It is not possible to indicate with precision what piece of the 
Weissmann-bundle the three endings commonly, so to say, frequen—in 
other words the position of their usual habitat along the length of the 
bundle. I imagine they tend to lie rather more toward the distal than 
the proximal end of the bundle. But I believe that in all probability 

the tract of the Weissmann-bundle in which these nerve-endings are 
found corresponds with that part of it which Sherrington calls the 
equatorial region. This region differs from the distal and proximal in 
some characters which it is well to state here. “The surface zone,’ 
writes Sherrington, “soon gets thickly encrusted with or almost 
completely occupied by a sheet of nuclei.” “The nuclei are spherical 
or slightly oval, are clear, and measure about 6m diameter. Cross- 
sections reveal beneath the nuclear sheet a thin tubular layer which is 
fibrillated. This tubular layer invests a central core of hyaline sub- 
stance which runs rod-like along the axis of the intrafusal fibre in this 
region. The striation is obscured by the nuclei clothing the face of the 
attenuated fibre, but where seen in the adjoining regions the striation is 
very marked and coarser than in the ordinary muscle-fibres outside the 
spindle.” I think there is little doubt that the layer of nuclei seen by 
Sherrington is a nucleated layer of material at the base of the nerve- 
ending; a character common to many other forms of nerve-ending. 
For this reason I propose to call this region the terminal or equatorial 
reguon. 

The plate-endings are found placed as frequently at the proximal 
extremity (or proximal polar region of Sherrington) as in the distal 
(or distal polar region of that author). Their number varies. As many 
as ten or more can be found in each of those regions. Much scattered 
in position these plate-endings are sometimes far distant from the region 
of the other endings, and especially in the proximal polar region. In 
the distal polar region they may lie anywhere in the bundle so long as 
it has not become tendinous, Occasionally a plate-ending lies close to 
the region of the primary and secondary endings, but never really 

within that terminal or equatorial region. 
: Il. Neuromuscular spindles with intermediate nerve-ending. The 
terminal (equatorial) region is here more simple than in the preceding. 
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In it is found but one primary ending and one secondary. The extent 
of the terminal region is therefore more restricted. The two endings 
lie in contiguity, the secondary being sometimes proximal, sometimes 
distal. The plate-endings answer the description given above, but 
appear less numerous. 

Ill. Neuromuscular spindles with simple norve-ending. In the ter- 


- minal region of these but one nerve-ending exists, namely the primary 


ending. The terminal region is therefore even more restricted than in the 
immediately preceding type. The primary ending corresponds usually 
with that already stated to be only exceptionally found (Fig. 3). The 


-plate-endings are as in the preceding types but much ‘fewer in number. 


Two facts appear clear from the above: (1) of the three kinds of 
nerve-endings the primary ending and the plate-ending are met with 
constantly in every type of neuromuscular spindle: (2) the secondary 
ending is the one which varies and may be absent altogether, whence 
the name I desire for it. 

Among the three types of spindles besides difference in quantity 
and quality of nerve-endings there appears to me to exist also a 
difference in length and number of muscle-fibres in the Weissmann- 
bundle. In the third type of spindle these muscle-fibres are short and 
few. The three types of spindle are not all equally numerous in the 
muscles of the cat, Most frequent are those of the first type, least 
frequent those of the second. 


Considerations. 


The histological and experimental facts we now possess about the 
neuromuscular spindles permit no longer in my opinion of any doubt 
that they are sensorial. This was suspected by Kerschner in 1888, 
rendered more than probable by the results of my histological analysis 
in 1892, and finally indisputably proved by Sherrington’s experiments 
in 1894, Of the two formerly established opinions one regarded the 
spindles as embryonic centres for the development of new muscle-fibres, 
the other as pathological products. These views we should now regard 


as of merely historical interest. Sherrington besides furnishing us — 


with some valuable observations on the structure of the spindles has 
shown by experiment that the myelinate fibres of the spindle take 
their origin in the cells of the ganglia of the spinal nerve-roots, If to 
his results are added the new anatomical ones afforded by my observa- 
tions it is clear we have a true basis for the new conception of the 
physiological meaning of the neuromuscular spindle. Granted, however, 
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that the spindles are sense-organs what form or quality of sensation do 
they subserve? Sherrington relying on his experimental work main- 
tains that they are especially adapted for stimuli of mechanical kind. 
I can neither oppose nor lend support to this opinion; to do so would 
be to go beyond the field of anatomical analysis where prudence bids 
me remain. 

Before concluding this account I have still to answer a question 
which Sherrington put before himself and to which he admits he 
could not give a satisfactory reply. Is the Weissmann-bundle like the 


rest of the muscle directly connected with the motor nerve-fibres? In 


other words, are there motor nerve-endings in the Weissmann-bundle ? 
That the motor nerve-fibres of the surrounding muscular tissue do not 


pass to and furnish motor end-plates to the bundle of Weissmann I 


can affirm in the most definite way without fear of controversion. 
Extremely often it’ happens that one can see muscular fibres round 


about the neuromuscular spindle which possess more or less abundant 


terminal arborisations of motor end-plates, but never have I observed 
a single fibre pass from a motor nerve-bundle to go and end in a 
Weissmann-bundle. 

But that does not exclude the possibility that there may exist 
motor terminations proceeding from efferent fibres of isolated course, 
all the more as we saw there is that kind of nerve-ending which we 
called the “plate-ending.” Can we therefore attribute to that kind of 
ending a motor function for the striped muscle-fibres of the Weissmann- 
bundle? I have too many doubts to answer that question in the affirma- 
tive. I have already shown the difference that separates the motor 
end-plates from these plate-endings of the spindle. On comparison of 
the two I have, taking my stand on histological analysis, to deny that 
these endings have a motor function. The structure of the plates in 
the spindle, the characters and procedure of their nerve-fibres, the 
striking quantity of them as compared with the fibres of motor end- 


plates, certain very significant embryological features (which have 
reference to the different epoch at which complete development is 


attained by the two kinds of ending) of which I cannot yet speak with 
too great confidence, induce me rather to believe in spite of the view 
taken by Kerschner that the plate-endings in the spindle are also 
sensorial in nature. 

I trust that by persevering in my comparative researches and further 
in those embryological which I have already commenced I shall be able 


so much the sooner to say a final word also on this question. 
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PLATE II. 


Fig. 1. Semi-schematic figure of a neuromuscular seca of the first 
type, namely, with complex nerve-ending; adult cat. 
c, capsule. 
m.nb., (motor netve-bundis) nerve-bundle which goes to end exclusively 
in the motor end-plate in the muscle-fibres round about the 
neuromuscular spindle. 
b.W., bundle of Weissmann. 
pl.e., plate-ending. 
nerve-trunk, 
pr, primary ending. 
secondary ending. 
Fig. 2. Primary ending of a siteicsiebiie spindle of the first type ; 
Camera lucida, Koristka ocul. 4, objective 8* x 620. 


- Fig. 3. Primary ending in a neuromuscular spindle of the third type; 


adult cat. Drawn as above. 
Fig. 4. Secondary ending in a neuromuscular spindle of the first type ; 
adult cat. Drawn as above. 
Fig. 5. (a, 6) Short lengths of muscle-fibres from the Weissmann bundle, 
‘drawn in detached portions from a primary ending in a spindle of the first 
type, in order to show the ending-form of rings taking origin from the 
longitudinal band: this in 6 takes the exceptional appearance of a broad 
flat riband ; adult cat. Drawn as above. 


PLATE III. 


Fig. a—f. Various forms of ordinary motor plates from the adult cat. 
These “plates” are figured from specimens taken from the same cat which 
furnished the preparations of the spindles represented in the preceding figures. 
Drawn as above. 

Fig. a—x, Various types of “ plate-endings” from those smaller (a, B, y) 
to those larger than the common motor end-plates, These endings also have 


been drawn from preparations obtained from the same cat as that from which — 


the motor end-plates a—f were taken. The preparations for both were 
obtained with the very same chloride of gold reaction. 
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ABSORPTION OF FAT AFTER LIGATURE OF THE. 
BILIARY AND PANCREATIC DUCTS. By R. H. 
CUNNINGHAM, M_D., of Physiology, Columbia 
Unwersity, New York. 


THE general result of the experiments which have been made upon 
the effect of bile and of pancreatic juice on the absorption of fat in the 
intestine is that each greatly aids the absorption. But few experiments 
_ have been directed to determine whether fat can be absorbed in the 
absence both of bile and of pancreatic juice. ) 

Hédon and Ville’ diverted the bile in dogs from the intestine by 
means of a biliary fistula and afterwards partially extirpated the 
pancreas. Under these conditions the food passed quickly through the 
intestinal tract undergoing scarcely any digestion. Fats were found 
to be nearly all converted to fatty acid and scarcely any fat was 
absorbed, 

_ This double operation, in the opinion of Lewin’, is too severe for 
the animal; consequently, this author employed a modification of 
Thiry’s letule, His method was as follows: 

In three dogs the duodenum containing the openings of the bile 
and pancreatic ducts was separated from both the stomach and the 
jejunum. The upper end of the jejunum was then united to the 
stomach by means of the Murphy button, the continuity of the 
alimentary canal being thus re-established. After closing the upper | 
end of the loop of duodenum with sutures, the lower or jejunal end was 
affixed to the skin by means of a modified Murphy button. After the 
dogs had fasted for four days they were fed with cream and in five 
hours killed with ether. At the autopsy the cream was found along 
the entire length of the gastro-intestinal canal; the fluid in the 
mesenteric lymphatic vessels had almost no milky appearance. - Under 
the microscope no fat droplets were found in the epithelial cells of the 


_ 1 Hédon and Ville, Comptes rend. de la Soc. de Biol. , 1892. 
2 Lewin, I. Pfliiger’s Arch. Lx, p. 171, 1896. 
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villi. The lymph ait within the villus contained fat sore After 
total extirpation of the pancreas in other dogs (Series 3), and feeding 
them with cream, the appearance of the lacteals, and the microscopical 
appearance of sections of the intestine, were similar to those above 
described. In a fourth set of dogs, the bile duct was ligatured, and 
biliary fistulze were established. The administration of cream to these 
last dogs yielded results, as regards the appearances of the lacteals, and 
of the intestinal epithelium similar to those already described. 

Summing up his results, Lewin writes, “During the process of 
absorption of neutral fat in the intestine of a normal animal, we notice 
_that the epithelial cells of the villi are filled with fat. If by suitable 
operations either the bile or the pancreatic juice, or both, be excluded 
from the intestine, the epithelial cells of the villi contain no fat drops 
in their interior. Consequently, in none of the described experiments 
did complete normal fat absorption occur, which is also verified by the 
fact that after all these operations the chyle did not have the usual 
milky quality as in normal animals in spite of the fact that the dogs 
were fed with fat. From this we must conclude that the simultaneous 
action of the bile and the pancreatic juice is necessary to assist the 
absorption of fat through the surface of the intestine.” Finally, Lewin 
concludes that he has demonstrated that two kinds of fat absorption 
exist, namely: the penetration of fat drops into the epithelium, which 
occurs when bile and pancreatic juice act on the surface of the intestine, 
and secondly, the absorption of soaps dissolved in water, which latter 
process probably accounts. for the fat absorption that occurs after the 
exclusion of the bile and the pancreatic juice. — 

Judging from the various results obtained by me, it is questionable 
how much of the preceding doctrines should be accepted as conclusively 
demonstrated, for the experiments of Lewin are open to a certain 
degree of criticism. For instance, with both the bile and the pan- 
creatic juice diverted to the exterior, the general vitality of an animal, 
and especially of an animal which has been fasting for four days, is 
markedly diminished and it is thus in a condition far from normal. 
Secondly, five hours are very often too short a time to be allowed for 
the lacteals to become well filled with milky chyle. Even at the end 
of six or seven hours after a fatty meal normal dogs, as I point out 
below, not infrequently exhibit only a very slight milkiness of the 
lacteals, Finally, as animals with biliary fistule invariably lick the 
fistula, it is almost impossible to prevent them, unless they are properly — 
muzzled, from swallowing a certain amount of the fluids which leak 
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out around the edges of the cannula or of the screw-cap Murphy 
button that forms the orifice of the fistula. 

As the results of a few preliminary experiments in which various 
oils were administered to dogs after the bile-duct and the pancreatic 
ducts had been doubly ligatured and divided, differed radically from 
those of the preceding recent investigations, I performed the various 
experiments summarized protocols of which are given below, in order to 
determine positively whether or no fat other than that in milk can be 
absorbed from the intestine in the absence of both the bile and the 
pancreatic juice: secondly, to determine whether neutral fat can " 
absorbed from the intestine under the same conditions. 

The methods pursued were as follows: dogs, each confined in a cage 
by itself were allowed to fast for two to three days. After anzsthe- 
tizing an animal with ether, its abdomen was opened with aseptic 
precautions. Both pancreatic ducts and the bile duct were double- 
ligatured close to the intestine. On the bile duct a third silk ligature 
was also placed as a precautionary measure, The ducts were then 
divided between the ligatures, and the divided tissue carefully examined 
to see that the ducts had in reality been divided. The stomach was 
felt. to determine whether it contained food or other substance, and the 
entire small intestine with its mesentery looked over to see whether 
the lacteals appeared to contain any fluid which resembled chyle. If 
the fluid in the lacteals appeared transparent and not in the least 
milky or yellowish, the intestine was returned to the abdomen and the 
abdominal wound closed. The animal was then put into a cage by 
itself and allowed to fast for forty to fifty hours. At the end of this 
time 200c.c. of milk, or 120c.c. of either emulsified oils, pure cod-liver 
oil, or pure cotton seed oil, were given by means of the stomach tube. 
After the expiration of from six to twenty hours each animal was 
killed and its lacteals examined for chyle. After the presence or 
absence of this had been determined and the rest of the abdomen had 
been examined for peritonitis, etc., the alimentary canal was opened and 
its contents were examined, and the contents of the small intestine 
were tested for bile. Finally, the ducts were examined, to see whether 
any of the ligatures had slipped, and a most careful examination was 
made to determine if ducts other than those included in the ligatures 
were present, 

In other dogs, in addition to the ligation and division of the ducts, 
the entire portion of the pancreas adjacent to the duodenum was com- 
pletely dissected from the gut, after double-ligaturing the blood-vessels 


4 
211 4 
4 
ia 
‘Aa 
= 
4 
- 
aid 
ay 


212 R. H. CUNNINGHAM. — 


and ducts. In a third set of dogs the half of the pancreas adjacent 
to the duodenum was extirpated. To fix the mucous membrane for 
microscopical purposes, the usual osmic acid method was employed. 

The following six experiments, selected from my notes of twenty- 
two experiments, will serve as a illustrations of the results obtained 
in the other sixteen. 


EXpERIMents. Dog No. 1. Biliary and pancreatic ducts iis and 
divided. Lacteals transparent. After forty hours given 200 c.c. of milk. 
Killed at the expiration of six hours and a half more. Lacteals of jejunum 
and ileum, especially those of the ileum, well filled with chyle. Contents of 
thoracic duct also quite milky. Gall bladder and duct greatly distended. 
Entire pancreas very edematous, Ligatures of all ducts found in place, 
and ducts completely occluded and separated from duodenum. No accessory 
ducts. No evidence of animal having eaten its own feces. 


Exp. 2. Biliary and pancreatic ducts ligatured as in Exp. 1. Forty 
hours thereafter 200 c.c. of an emulsion of cod liver oil, containing the oil 
in a very fine state of division, was given to the dog. At the end of six 
hours and a half more, killed. 

Autopsy. Edges of abdominal wound gaping in lower portion. Some 
suppuration around stitches, several of which had cut out. Moderate 
peritonitis in region of upper end of duodenum which was also moderately 
congested. Lacteals and fluid of thoracic duct transparent and apparently 
contained no absorbed oil. In the stomach about 50 c.c. of curdled emulsion 
and considerable free oil. Throughout the small intestine much free oil in 
the form of medium sized and very fine droplets, which were either free in 
the lumen of the saiciaene or stuck more or less tenaciously to the mucous 
membrane. 


Exp. 3. Repetition of Exp. 2. 200 c.c. of the same sible were 
administered, but the animal was not killed until the end of sixteen hours. 
Wound in excellent condition. Very slight adhesive peritonitis in region of 
head of pancreas. Lacteals well injected with absorbed chyle, especially 
those of the ileum and lower jejunum. Mucous membrane of stomach 
coated with globules of oil. About 30c.c. of curdled emulsion in duodenum. 
In the remainder of the small intestine, the mucous membrane was thickly 
coated with globules of oil. Duets successfully occluded and separated from 
the intestine. 


Exp. 4. As Exp. 3. 120c.c. of a gum arabic emulsion cata 
50°/, of cotton seed oil were given forty-eight hours after the ligature and 
division of the ducts, Killed at the end of eighteen hours more. Contents 
of thoracic duct very milky. Lacteals, especially those from the jejunum to 
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the lower end of the ileum, very well filled with absorbed chyle. Ducts 
impervious. No straw, feces, etc., in stomach. Mucous membrane of 
intestine coated with large and small globules of oil. Much free = in - 
lumen of intestine. 


Exp. 5. Dog fasting three Sea Bile duct ligated and divided. 
Pancreas partially extirpated. At the end of forty hours given 120 cc. 
of pure cotton seed oil. Killed at the end of seventeen hours more. No 
diabetes. Wound practically healed. Very slight adhesive peritonitis in 
region of remnant of pancreas, between which and the duodenum the 
- omentum had been placed at the time of the operation. Gall bladder and 
duct greatly distended. Fluid of thoracic duct very milky. Lacteals of 
lower jejunum and ileum, even in their finest ramifications on the surface of 
the intestine, well filled with absorbed chyle. As in the previous experiment, 
the intestinal mucous membrane was thickly coated with oil in the form of 
large and small globules, and much frothy oil was also present in the intestinal 
lumen. Before death, the dog had had a number of large stools containing 
large amounts of free oil. In teased osmic preparations and sections of the — 
mucous membrane the epithelial cells of the villi were well filled with the 
characteristic fatty granules. | | 


Exe. 6. As exp. 5, except that 125 c.c. of olive oil were administered. 
Result as in 5. 


These results seem to indicate that in the absence of both the bile 
and the pancreatic juice unemulsified vegetable oils, viz.: cotton seed 
oil and olive oil, can be absorbed from the intestine of the dog. 
Unfortunately the results convey no information as regards the per- 
centage of the oils absorbed, for this method by simple inspection of 
the lacteals, while very striking to the observer, yields merely qualita- 
tive results. But, as the sources of error are less than those in the 
quantitative method by examining the excreta, especially when a 
large quantity of oil has been given, the results of this qualitative 
method, in my opinion, are more trustworthy than those of the 
quantitative one. Nevertheless, there is one objection that may well 
be made to this method, namely: that from forty to fifty hours after 
the exclusion of the bile and pancreatic juice from the intestine, is too 
short a time to allow for the absorption or the disappearance of such 
bile and pancreatic juice as might possibly have been present in the 
intestine at the time of the operation, either naturally, or from the 
manipulation of the ducts. According to Claude Bernard, even 
thirty-six hours are ample for this disappearance, but in order to 
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exclude entirely this objectionable factor, and to keep the experimental 
animal in as nearly a normal condition as possible, and at the’ same 
time exclude the bile and the pancreatic juice from the intestine, I 
performed a number of decisive a —s to the following 
method : 

The abdomen of an etherized bitch was opened with aseptic and 
antiseptic precautions, and a Vella’s fistula made. About 60 c.m. of 
the lower end of the small intestine was isolated with its mesentery, 
and, after the continuity of the intestinal tract had been restored by 
simply suturing the upper and lower ends together, the ends of the 
isolated loop of intestine were sewed to the edges of the abdominal 
wound after its entire lumen had been thoroughly cleansed by means of 
a large volume of warm water. Daily, after the operation, warm water 
was injected into the upper end of the isolated loop in order to clear 
away any remaining bile or pancreatic juice. Two to three days after 
the operation 60 ¢.c. of neutral cotton seed oil were injected into the 
loop, and a binder of rubber adhesive plaster was bound over the 
abdominal fistula and around the body. Eighteen hours thereafter the 
dog was killed with chloroform, and an examination of the lacteals made. 
From their moderately milky appearance it was evident that considerable 
fat had been absorbed. Furthermore, a microscopical examination of 
the contents of the intestinal loop revealed the fact that the neutral oil 
had become very finely emulsified. Osmic acid preparations of the 
mucous membrane of the isolated loops clearly showed that a great 
many of the epithelial cells contained numerous granules of fat. 

If, such a dog is allowed to live for a number of weeks and the oil 
be then injected, either excessively little, or none, of the oil seems to be 
absorbed. When the isolated loop of intestine is examined, however, 
this fact is easily explained, for even in four weeks the isolated intestine 
undergoes fatty degeneration and becomes greatly atrophied. In 
consequence of this atrophy the function of the mucous membrane is | 
abolished, and the properties of the slight secretion that can be got 
from the fistula differ considerably from those of the intestinal juice 
that flows during ‘the first few days after the operation. 

The results of the foregoing method certainly seem conclusive, and 
to show indisputably that neutral cotton seed oil can be absorbed from 
the intestine of the dog in the absence of both the bile and the 
pancreatic juice. — 

Such being the fact, the question naturally arises as to whether a 
part of the oil is emulsified previous to its absorption by the succus 
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entericus and the intestinal mucus, or whether the oil is absorbed 
directly, in an unemulsified state by the cells of the villi. | 

The results in the above described experiments do not, of course, 
answer this question, but it is evident from the microscopical appear- 
ances of the contents of the intestinal loop, as well as from tests of the 
succus entericus collected from a dog with practically no post-operative 
disturbances, that when cotton-seed oil, or olive oil, are mixed with the 
succus entericus some emulsification of the oil readily occurs, especially 
if the test tube be shaken. Mucus, as Bernard has shown, will form an 
unstable emulsion of these oils in vitro. Its possible action, as an 
adjuvant to the emulsification that occurs in the isolated intestinal 
loop, should, therefore, not be disregarded entirely when all the factors 
connected with the digestion of fat are summed up. 

Of significant interest also is the fact that, when the bile and the 
pancreatic juice have been excluded from the ‘intestine, although the 
lacteals, especially those of the jejunum and ileum, become well filled 
with chyle which is milky from the absorbed oil, the time required for 
this absorption is usually very much longer than normal. After the 
ingestion of a fatty meal by a normal dog, six or seven hours will, as a 
rule, prove to be ample time for the lacteals to become moderately 
filled with the absorbed fat. On the other hand, in Exp. 2, although | 
the dog had received the cod-liver oil (probably containing traces of 
bile) in an emulsified form, in six and a-half hours none of it apparently 
had been absorbed, and in two repetitions of this experiment, unac- 
companied, however, by post-operative peritonitis, a similar lack of 
absorption was found at the end of six hours. Eighteen hours, however, 
after the administration of even unemulsified cotton-seed oil, the 
lacteals present a totally different appearance, being well filled with 
the absorbed oil. Thus it seems evident that when the oils have been 
acted upon by the bile and pancreatic juice, absorption of fat from the 
intestine proceeds as would be expected, with much greater celerity. 

When large quantities of a gum-arabic emulsion of cotton seed oil 
had been administered to fasting dogs after exclusion of the bile and 
pancreatic juice from the intestine, I found on several occasions that 
from the appearance of the lacteals a fair amount of absorption had 
occurred in eight hours, while the lacteals of a dog which had under- 
gone a similar operation, but to which unemulsified cotton seed 
oil had been given, exhibited in ten hours only slight evidence of 
absorption. Contrary to the usual dictum, the large amount of gum 
emulsion given in the former cases was not all disintegrated in the 
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stomach, a considerable portion of it had been, but a large part of it, 
still in a fine state of division, was found in the small intestine. 


Apparently, therefore, the oil in the finely divided state was more 
readily absorbed than the plain oil. 


GENERAL RESULTS. 


The REO experiments show, that, in the absence of both the 
bile and the pancreatic juice from the intestine, some absorption of fat, 
other than the natural emulsified fat of milk, still occurs. The rate of 
the absorption is much slower and undoubtedly the quantity absorbed 
is very much less than in the normal state, in which both the bile and 
the pancreatic juice are present to act upon the vegetable oils. Finally, 
_ although the presence of the bile and the pancreatic juice doubtless 
facilitates the absorption of fat by the intestinal epithelial cells, their 
absence from the intestine does not prevent the cells from ultimately 
absorbing fat, apparently by a process that is indistinguishable from 
that occurring in the normal state. 
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THE METABOLISM OF THE NUCLEINS UNDER 
PHYSIOLOGICAL AND PATHOLOGICAL’ CON- 
DITIONS. PART I. By T. H. MILROY, M.D., B.Sc., 
Assistant to the Professor of Physiology, Edinburgh University, 
AND J. MALCOLM, M.B., Ch.B., Vans Dunlop Scholar. 


(From the Physiological Laboratory, Edinburgh University.) 


Our knowledge of the changes which the nucleins undergo in the 
animal organism is still very far from being complete. What we have 
learned as to the changes which they undergo in and outside the body, 
we owe very largely to Kossel and those who have worked under him, 
although great advances were also made by Miescher, Altmann and 
others. The nucleins are obtainable from most nuclear-holding cells, 
although not from all. In the leucocytes, at least after death, they are 
present in the form of a compound with an albumose-like body, histon, 
viz., nucleo-histon. Miescher investigated the nuclein found in pus 
cells, Hammarsten that present in the pancreas, Halliburton and 
others similar bodies in different organs. They are usually combined 
- with more or less detachable albumin, forming nucleo-proteids. It is 
with the changes which the nuclein radicle undergoes that we have to 
deal in the present paper. This radicle is made up of a more or less 
firm combination between an organic phosphorus-holding acid—nucleic 
acid—and albumin. It can as arule be split up into its constituents 
by means of alkalies, pancreatic digestion and some other agents. 
From nucleic acid on hydrolysis with weak acids bases which contain 
the alloxan nucleus are easily obtained, and a base called cytosin, the 
constitution of which is not yet known, while all the phosphorus of the 
original acid still remains combined entirely in organic form as a 
substance to which the name of thymic acid has been given by Kossel. 
This decomposition takes place with the greatest ease, and the im- 
portant points connected with the action are that no inorganic 
phosphoric acid appears and that no bases containing the alloxan 
nucleus are obtainable from thymic acid. 
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After the action of more concentrated acid solutions or after weaker 
solutions have acted for longer periods or at higher temperatures, the 
phosphorus gradually is split off in the form of orthophosphoric acid. 

The nitrogen holding part of the thymic acid appears in different 
forms of combination, the end product being, of course, ammonia. 

Now there are two of these decomposition products which we wish 
to draw special attention to as more or less characteristic signs of the 
decomposition of the nucleins, viz., the alloxur bases and phosphoric 
acid. 

As a sign of the decomposition of nucleins in the organism, the 
bases are of the greatest importance, but too much stress must not be © 
laid on the connection because, in the first place, in the body these 
alloxur bases in all probability undergo easily further alterations, and 
secondly they may be partially replaced at least by an acid containing 
the same nucleus, viz., uric acid. The conditions which exist in the 
organism leading to the derivation from the same mother substance of 
alloxur bases or uric acid respectively are still practically unknown. 
The experiments of Horbaczewski' although exceedingly valuable 
must be interpreted with the greatest caution because the conditions 
under which they were carried out are not such as exist in the living 
organism. 

When we refer to the derivation of uric acid from the nucleins, we 
speak of a change which has not yet been shown to take place outside 
the body except in the case of Horbaczewski’s experiments. Uric 
acid has not yet been directly obtained from the alloxur bases on 
simple oxidation by chemical means, 

Within recent years a mass of literature, very largely clinical in 
nature, has accumulated on the relationship between leucocytosis or 
leucolysis and the excretion of the alloxur bodies (uric acid and the 
bases) in the urine. 

The conclusions which a number of the writers have drawn from 
their work are hardly warrantable, either because the methods they 
employed were not free from errors or because the quantities of urine 
which they took for the estimation of, for example, the alloxur bases 
were far too small. It is too much to expect that under all conditions, 
physiological as well as pathological, with every increase in white blood 
corpuscles or with every hypoleucocytosis after a hyperleucocytosis 

1 Monatshefte fiir Chemie, x. 8, 624, 1889; xm. 8. 221-275. Sitzungsb. d. Wiener Akad. 


1891, 11, 8. 78, 132. Zur Theorie der Harnstiurebildung im Stiugethierorg , 1892, 
J. F. Bergmann, Wiesbaden. 
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there should be a corresponding increase in the excretion of the alloxur | 
bodies. We cannot compare such absolutely diverse pathological con- 
ditions as the leucocytoses of pneumonia, plumbism, ‘carcinoma, 
leucocythzmia, or still more the experimental hyperleucocytoses met 
with after the injection of certain substances such as nucleic acid, the 
_albumosés, etc., and we ought not to be surprised to find that there is 
not, with every rise in the leucocytes, a corresponding increase in the 
excretion of these alloxur bodies. 

If we look at the experimental leucocytoses alone we do not yet 
know whether there be an increased relative or absolute leucolysis. 
There is much to be said for the chemotactic theory of Goldscheider 
and Jakob’, and we must be ready to grant that under some conditions 
the leucocytosis may be simply one due to altered distribution of these 
cells. It is exceedingly difficult, if not impossible, to find out by 
histological methods whether certain leucocytes be undergoing de- 
composition or not. The changes which Gumprecht? has described 
as otcurring in the nucleus of the leucocyte when it is undergoing 
degeneration, viz., the general swelling, gradual breaking down and 
final removal of the chromatic portion have not been detected by many 
others. 

When the subject is examined from the chemical standpoint, one 
must be exceedingly careful in not at first drawing very important 
conclusions from the results of analyses which may be explained in a 
large number of different ways. 

One must remember that, even when the nucleins are breaking 
down to a very marked extent, there is the possibility that the alloxur 
bodies may hardly be increased at all because the organism may still 
be able to transform them partly into urea. 

We think then, bearing in mind that the excretion of the alloxur 
bodies must from their nature be a variable one, that it is most 
important to know in what way the phosphoric acid excretion is 
altered absolutely, and relatively to the total amount of nitrogen 
excreted, and also to find out the ratio that exists between the total 
nitrogen, nitrogen of the alloxur bodies and phosphoric acid in the 
urine under different conditions where alterations 1 in the number and 
nature of leucocytes exist. 


Zeit, f. klin. Med. xxv, 8, 373. 
2 Verh. d, Cong. f. inner. Med, 1896, 8. 314; vide also E. Botkin, Virchow's Archiv, 
oxut. 8, 238, 1895; oxuv. 8. 369, 1896. 
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Before speaking of the work which we have done along the above- 
- mentioned lines, we think it advisable to describe in the first place 
what is known as to the metabolism of the nucleins under physiological 
conditions. 

When nucleins are taken by the mouth, the first change that they 
undergo in the alimentary tract is a simple solvent one in the stomach, 
and that only to a very slight degree. They are never split up into’ 
their constituents, They are easily broken up however by the pan- 
creatic secretion into an organic phosphorus-holding acid (not nucleic 
acid) and albumose or peptone’. The important points to notice are 
that the phosphorus is still in organic combination and that neither 
ortho-. nor meta-phosphoric acid is so formed. 

It is very probable that the organic phosphorus-holding acid so 
formed is similar to thymic acid. It forms soluble compounds with 
albumose and peptone and is, in all probability, so absorbed. After 
absorption the bodies derived from the nucleins cause a well-marked 
leucocytosis and the excretion of phosphoric: acid in the urine is 
increased. Whether a hypoleucocytosis always precedes the hyper- 
leucocytosis is difficult to say. Almost all the writers on this subject 
have emphasised the fact that, on giving nucleins by the mouth, the 
phosphoric acid excretion in the urine is increased; but they have 
omitted to show that this excretion cannot be accounted for by the 
phosphorus taken in the form: of nucleins there being really more 
phosphorus excreted by the kidneys than was present in the original 
nucleins. Stadthagen’® and Gumlich* both showed this marked 
effect on the phosphoric acid excretion without drawing attention to 
its special importance. In the next place, with regard to the effect 
on the excretion of the alloxur bodies, there has been more or less 
controversy. Both Stadthagen and Gumlich were unable to notice 
any effect on the amounts of these bodies excreted, but later on 
_ Horbaczewski‘, Weintraud® and others said that, in giving large 
quantities of nucleins or food stuffs containing large quantities of ‘them, 
there was a rise in the alloxuric nitrogen. 


1 Popoff. Zeit. f. physiol. Chemie, xviu. 8. 538, 1894, Milroy, ibid. xxm. 8. 307, 
1896-7. 
2 Stadthagen. Virchow’s Archiv, crx. 8: 390. 1887. . 

’Gumlich. Zeit. f. phys. Chem. 8. 508. 1894, 

* Horbaczewski. Loc. cit. 


® Weintraud. Archiv f. Anat. u. Physiol. (Physiol. Abteil) 1895, S. 882; Verhand, 
d, 14 Congress f. inner. Med. 1896, 8. 190. 
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Now great caution has to be exercised in the estimation of the 
alloxur bases. At least 700c.c. of urine must be used in order to get 
reliable results. Horbaczewski (loc. cit.) in a series of valuable 
experiments showed that the uric acid as well as the bases was in- 
creased after giving nucleins by the mouth. He points out also that 
this increase may be due to the resultant leucocytosis leading to a rise 
in the amount of alloxur bodies excreted. Horbaczewski emphasises 
the fact that with every rise in the leucocytes there is a corresponding 
increase in the amount of uric acid excreted; but even if this were the 
case, which is more than doubtful, we cannot at once jump to the 
conclusion that the sole reason for this is that the absolute amount 
of the breaking down of the leucocytes has been increased. The 
phosphoric acid formed by the oxidation of the phosphorus-holding 
part in the tissues may act as a depressor of the oxidative power of 
those tissues by the tendency that it has to neutralise part of the 
alkali of the blood. Again, it may be due to an altered metabolism in| 
the leucocytes under the new conditions. - 

To prove that the rise in uric acid or alloxur bases or both is due to 
an absolute or relative increase in the normal leucolysis, one must show 
a corresponding rise in the phosphoric acid excretion and this is not 
always apparent. It is hardly likely that there is a marked retention 
of the phosphoric acid in the organism, and if there be not, then the 
absence of the rise in the phosphorus excretion negatives the view 
that the alloxur bodies are derived wom the direct breaking down of 
the nucleins. 

There is something to be said in favour of Mares’ view ; that the 
uric acid is not. necessarily a product derived from breaking down of 
the cell nuclei but. may be derived from an altered metabolism in the 
cell. Horbaczewski constantly refers to the condition in leucocy- 
themia as if it were a similar one to the experimental leucocytoses. — 
As we shall show at the close of the paper this is not so. The 
relationship which exists between the number of the leucocytes, the 
excretion of the alloxur bodies and the excretion of phosphoric acid in 
leucocythzmia is entirely different from that in the experimental forms 
of hyperleucocytosis. 

We shall now describe the work which we have been occupied with 
during the last two years, and shall, in the first place, discuss the 
metabolism of the nucleins or tissues containing nucleins when these 


1 Mares. Monatshefte f. Chemie, xu. pp. 101-110, 
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are taken by the mouth. As this has been worked at more or less 
fully by many people, we shall restrict ourselves to those points which 
we regard as of special importance. From what has already been said, 
it can ‘easily be understood that the questions which particularly 
require to be answered relate to the ratios existing between the total © 
nitrogen, nitrogen of alloxur bodies and phosphoric acid excreted in 
the urine. 

When nucleins are given by the mouth, they undergo the changes 
which have been already described and act as substances which increase 
the number of white blood corpuscles. Now the one important question 
is, does this increase in leucocytes simply mean a redistribution of those 
cells or a withdrawal of them from their places of formation and after 
the effects of the absorbed products of nuclein digestion have passed 
off, are they simply redistributed afresh? That is to say, is the action 
‘simply a chemotactic one? Or is there with the hyperleucocytosis an 
increase in the breaking down of the leucocytes either accompanying or 
subsequent to their increase ? 

Now although Horbaczewski and others have described a rise in 
the alloxuric excretion along with the leucocytic rise, a number of 
experiments by others have not agreed with this view". 

_ What we set ourselves especially to try to solve was the nature 
of the alterations quantitative and qualitative in the nitrogen and 
phosphorus metabolism. 

The first set of experiments deal with the metabolism of the 
nucleins when given in the’ form of thymus tabloids. 

The second and the third sets deal with the metabolism of nucleic 
acid dnd metaphosphoric acid, and have been done much more fully as 
we set ourselves the task of finding out what part of the nuclein acted 
especially on the leucocytes and the nature of that action. 

One of us put himself on absolutely fixed medium diet and 
subjected himself as far as possible to the same conditions each day. 
The investigations were made in two series, 

In the first after having remained on fixed diet for two days, 
06 gm. powdered thymus tabloid was taken on the third day and 
1 gm. on the fourth day. 

In the second series, fixed diet was maintained for three days, 
08 gm. thymus tabloid was taken on fourth day, 0°8 gm. on fifth day, 
and 1 gm. on sixth day. We were unable to try the action of larger 


1 Cp. Mayer. Deutsche med. Wochenschrift, 1896, 8. 186-188. 
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doses as the amount given on the sixth day caused some general 
disturbance. | 

The methods which we employed were as follows :— 

The total urine of twenty-four hours was carefully collected, mixed 
and examined in the following way. For the estimation of the nitrogen 
and phosphorus the Kjeldabl-Weibull method was employed, viz.—20 c.c. 
of urine were run from a burette into a Kjeldahl flask, then 10 c.c. 
H,SO,, ten grammes K,SO, and a few crystals of CuSO, were added 
and the mixture incinerated in the usual way. The clear green fluid 
left after complete incineration was then made up to 300 c.c. with 
distilled water, and of this, 75 c.c. were taken for nitrogen and the 
remainder for phosphorus. 

The mtrogen was estimated by the ordinary method, the ammonia 
being distilled over into a measured amount of fifth-normal oxalic acid 
and titrated in the usual way. 

The part taken for phosphorus was generally evaporated down to 
smaller bulk for convenience in filtering, ammonia was added till 
alkaline, then nitric acid till it again became acid—after cooling, 
ammonium-molybdate solution was added and the beaker allowed to 
remain in a warm place over night. The fluid was then filtered and © 
the yellow precipitate washed with the filtrate on to the filter-paper, 
and then finally washed with dilute nitric acid. The filtrate was tested 
with ammonium-molybdate solution in order to see whether all the 
phosphate was precipitated. The yellow precipitate was then dissolved 
in dilute ammonia, some magnesia mixture added, and the mixture 
again allowed to remain over night. The resulting precipitate of 
- ammonio-magnesium phosphate was then filtered, washed chlorine 
free, incinerated and weighed. From the amount of magnesium pyro- 
phosphate so obtained, the total P,O, was calculated. 

The uric acid was estimated by the well-known Salkowski-Ludwig 
method in the earlier observations; but, after the publication of 
Salkowski’s recent paper’, we followed the modification there 
described. The ordinary Salkowski-Ludwig method does not require 
description here. The nitrogen of the uric acid crystals was estimated 
preferably to weighing them. In his later modification Salkowski 
advised that larger quantities of urine should be taken in order that 

the alloxur bases might also be estimated in the same specimen. 
- About 700.c.c. of urine were taken, and the uric acid and alloxur bases 
precipitated with the magnesia and silver solutions. The uric acid was 
1 Pfliiger’s Archiv, uxrx. 8. 268-306. 1898. 
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then set free, and the fluid containing all the alloxur bodies evaporated 
down to dryness. The residue was treated with warm dilute sulphuric 
acid which dissolved out the bases. The mixture was then allowed to 
stand over night, filtered, the crystals of uric acid washed, dried and the 
nitrogen estimated by Kjeldahl; the filtrate containing the alloxur 
bases was made ammoniacal, silver nitrate added, and the precipitate 
so obtained filtered, washed chlorine, silver, and sulphate free and 
incinerated in a porcelain capsule: The ash was then extracted with 
dilute nitric acid and the silver estimated by titration with NH,CNS. 
From the amount of silver so obtained, the N. of the alloxur bases is 
calculated from the formula representing the sum of the Ag. com- 
binations of these bases. 

Camerer’s method}, which we i in of our observations 
for estimating the nuclein bases, corresponds to the above methods to 
some extent, the alloxur bodies being precipitated by magnesia and 
silver in the same way. The precipitate was filtered, washed ammonia 
free on a suction-pump filter and its nitrogen estimated (Kjeldahl). 
The figure so obtained was held to be the amount of alloxuric nitrogen 
—the difference between this and that of the uric acid representing 
the nitrogen of the alloxur bases. In his paper (loc. cit.) Salkowski 
criticises this method and with right, pointing out that the amount of 
urine used (equivalent to 100 c.c.) was far too small for accurate results, 
and that the precipitate contained more nitrogen than that due to the 
alloxur bodies, namely, some ammonia which united with the uric acid 
and which could not be removed unless by such an amount of washing 
as would dissolve the silver xanthin to a considerable extent. We have 
employed both methods in a very large number of cases and have 
found the Salkowski one to be the more reliable. 

The total bases were estimated as follows :—Fifty c.c. of urine were 
taken and dilute HCl and phosphotungstic acid (1—10) added till 
no more precipitate was thrown down. After standing twenty-four 
hours, it was filtered and the precipitate washed with dilute sulphuric 
acid until the volume of the filtrate amounted to 300c.c. The nitrogen 
in 80c.c. of this fluid was then estimated (Kjeldahl). The difference 
between this and the total amount of nitrogen in 5 c.c. urine gave the 
nitrogen of the total bases of that amount of urine’. We estimated 


1 Zeit. f. Biol. xxv1. 8. 104, 1893; xxvi. 8. 153, 1890; xxvmr. 8S. 72, 1891; xxrx. 8. 


? For the nature of the bodies precipitated by phospho-tungstic acid see papers by 
_ ve Hirschler, Zeit. f. physiol. Chemie, x1, 8. 25, 1887; Hofmeister, Zeit. f physiol. 
Chemie, v. 8. 67, 1881. 
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the total bases in order that we might see whether any other substances 
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We shall here describe the methods employed for the analysis of 


the feces, although these were examined only in the nucleic acid and 
metaphosphoric acid investigations. The total amount was weighed, 
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and in a specimen from the mixed feces the water, N. and P. estimated 
in the usual way. For the estimation of the alloxur bodies a large 
quantity (70 to 100 grammes) was boiled with 2°/, H,SO, for 7 to 8 
hours. The mixture was then made alkaline with hot baryta water, 
filtered, and then rendered barium free. The filtrate was now made 
ammoniacal, magnesia mixture added, and then precipitated with silver 
nitrate. From the precipitate the alloxur bases were estimated by 
Salkowski’s recent method which we have just described. On no 
occasion did we find uric acid present in the faces. 

The points of special importance in this series of experiments are : 

(1) There is no doubt that the P.O, excretion is increased even 
when very small doses of thymus are given. Thus, in the first series, 
after giving 0°6 g. thymus tabloid the P,O, excretion rose from 3°00 g. 
(average over two days on fixed diet) to 3131 g., while only 0°013 g. 
P.O, was present in the substance given. This shows that 0°127 g. P.O, 
was excreted above that derivable from the phosphorus present: in the 
tabloid even supposing that all was absorbed. The same holds of the 
phosphorus excretion during the second series, when thymus was again 
given (see Table IL). 

(2) Relatively also the P,O, is increased in proportion to the 
nitrogen. The ratio under normal conditions in the first series being 
507 N : 1 P,O,, while after thymus the ratio is 447 N:1P,0, In the 
second series the fixed diet ratios were 5°06 : 1, while the thymus ratios 
were 4°58 : 1 (Table IL). | 

(3) With the small amount of thymus taken there was practically 
no appreciable alteration in the excretion of the alloxuric bodies either 
absolutely or relatively to the total nitrogen or total P,O,. ; 

For the quantities of the different substances excreted see Table I. 


TasLe II. METABOLISM UNDER THYMUS. 


Table of Ratios. 
Alloxuric N Alloxuric N 
P,0;=1 : Total N =1; P.O; = 1; Total N 
First Series. 
on fixed diet 1 ;: 5°07 1: 121 1: 61:3 
b) under thymus 1 : 4:47 1; 12°6 1: 57:8 
Second Series. 
(a) on fixed diet ‘ ee 
1: 5°06 1: 9°74 1: 4:60 


(d) 1 : 4:58 1: 10°50 1: 457 
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Metabolism of Nucleic Acid. 

This was for us much the most important part of the work, and has 
been done more fully than in the case of the thymus. It was important 
to find out whether it was the phosphorus-holding acid present in the 
nuclein which acted as a disturber of the nitrogen and phosphorus 
metabolism. | 

The laboratory steward (R. B.) kindly agreed to go on fixed diet 
during the course of the investigation. The urine and feces were 
examined for five days when fixed diet alone was taken. The leucocytes 
were numbered at a fixed hour each day shortly before the mid-day 


- meal. Throughout the whole investigation the analyses of the urine 


- comprised total nitrogen, total P,O,, N. of uric acid, N. of alloxur bases, 
N. of total bases. The nitrogen, P,O,, uric acid and alloxur bases of 
the faeces were also estimated. On the sixth day 0°5 g. nucleic acid 
(in weak alkaline solution) was given at 8a.m., and on the following 
day 1g. at 9am. On the succeeding three days fixed diet alone was 
taken. 

The points of special importance in this series are : 

(1) That the P.O, excretion in the urine is increased absolutely on 
giving even small doses of nucleic acid. In order to avoid any fallacy — 
from daily variations in the amount of phosphorus excreted, it is 
better to take the average amount of P.O, over the eight days on fixed 
diet and compare this with the average daily excretion when nucleic 
acid was taken. Thus, 4038 g. P.O, was the average excretion on 
fixed diet, 6°162 g. on nucleic acid. When one remembers that the 
average amount of P.O, taken in in the form of nucleic acid was only 
0°17 g. then if all the phosphorus of the acid were absorbed, there 
would still be an excess of 1°954g. P,O, derivable from phosphorus- 
holding bodies in the tissues. The examination of the faeces showed 
that all the phosphorus-holding part of the nucleic acid was absorbed, 
seeing that there was certainly no increase in the amount excreted by 
the bowel (Table IIL). 

(2) In proportion to the nitrogen the P,O, is also relatively | 
increased, the ratios of P,Q, to nitrogen being, for the eight days on 
fixed diet, 5°12: 1, on nucleic acid, 3°70: 1 (Table IV.). 

(3 With regard to the alloxur bodies excreted in the urine one 
has to be careful in drawing conclusions as to the action of nucleic 
acid. 7 

Although the alloxuric nitrogen in the urine appears to be 
slightly increased, the amount of the increase might be accounted 
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for by that part of the bases which has been shuarbed from the 
nucleic acid. 


Taste IV. METABOLISM UNDER Nucieic 


Table of Ratios, 
P,0;=1:TotalN AlloxuricN=1:P,0; Alloxuric N : Total N 
(a) on fixed diet 1 : 5°25 1: 12°85 Liet. 


(b) when nueleic acid given 1 : 3°70 1: 198 1 : 737 


This does not prove that the alloxur bodies in the urine on the 
“ nucleic acid ” days have not been derived from other sources than the 
acid given, viz. leucocytic breaking down. What in all probability 
occurs is, that the absorbed products of nucleic acid cause hyperleuco- 
cytosis with a consequent increased leucolysis, the result being, that 
there is an increase in formation of alloxur bases, but these undergo 
further changes and do not arrive in the urine entirely as such. 

We base our view of the increased leucolysis after nucleic acid on 
the rise in the P.O, excretion, ne nature of which has just. been 
discussed. 

(4) Of the total alloxuric nitrogen, it seems to be the uric acid 
which is most markedly increased after nucleic acid. The increase, 
however, is so slight, that one has to be exceedingly cautious in 
drawing conclusions (vide note at foot of Table III). : 

(5) The total bases precipitable by phospho-tungstic acid were on — 
an average slightly increased after nucleic acid, but here again the 
daily variations were so great that one can hardly lay much stress on 
_ the excretion during any two isolated days. 

(6) There is absolutely no doubt that the acid produces a hyper- 
leucocytosis within four hours after its ingestion, and an accompanying 
or subsequent leucolysis. 


Metabolism of metaphosphoric acid. 

Seeing that nucleic acid acts along the same lines as the nucleins 
or nuclein-holding tissues, the next question was, to what constituent 
of the acid is the action due? 

The next body that one would naturally examine is 2 thymic acid. 
- Quite recently Neumann! referred shortly to a leucocytosis produced 


1 Abstract from Deutsche med. Wochenschrift, 8. 100, May 26, 1898. Neumann, 
Physiol, Gesell, in Berlin. Sitewng, 29 April, 1898, 


NY 
4 
Tea 
2 
a 
A 
~ 
AP 


230 T. H. MILROY AND J. MALCOLM. 


by thymic acid; but we have only seen a very short abstract of his 
paper by Loewy and so are unfortunately unable to speak further 
about it. We intend, however, to investigate the action of this acid 
immediately and. hope to be able later to give the results of our work. 
Neumann speaks of a nucleo-thymic acid as distinct from thymic acid. 
The reason for this we do not understand, as what was previously called 
by Kossel paranucleic acid (derived from nucleic acid by splitting off — 
the bases) is now regarded by him as identical with thymic acid, A 
point of importance, which Neumann refers to, is that hypoleucocytosis 
in this case does not precede the hyperleucocytosis. The importance — 
of knowing how this acid acts is apparent, seeing that it is free from 
alloxur bases. 

he next constituent of the nuclein which we examined is a hypo- 
thetical one, viz., monometaphosphoric acid. As such, it is probably 
not present in the radicle of nucleic acid, but as a polymer of it, 
perhaps trimetaphosphoric acid. It is important to know its action, 
from, among other reasons, the fact that Liebermann regards the 
nucleins as combinations between metaphosphoric acid and albumin. 
The methods employed in the investigation were exactly similar to 
those described for nucleic acid, so that now we can go on directly to 
_ a discussion of the results as shown in Table V. 

I. When we take the average P.O, excretion over four days on 
fixed diet, and compare it with that occurring on the two days when 
metaphosphoric acid was given, one sees at once that there is an 
absolute increase in the latter case. Here, however, the increase is of a 
different kind from that met with after giving nucleic acid. Thus, the - 
average excretion under fixed diet was 4°208 g., while that on HPO, 
was 5°065 g., that is to say, an increase of 0°757g¢., P,O,. Now the 
amount of P.O, taken in the form of HPO, amounted to, on an average 
over the two days, 1:325g. The increase in the PO, excreted in the 
urine in the case of HPO, is less than that taken in by the mouth, 
' while in the case of nucleic acid exactly the opposite occurs. The 
deficit in the former case amounted to 0°568g. The question comes 
to be, is this balanced by the increased P,O, in the feces? In this 
instance as an examination of Table V. shows, the phosphorus in the 
feces is not increased until the following day in each case, a saint 
rise occurring also on the third day. 

IL. With regard to the relative amounts of P,O, and nitrogen, the 
ratio on fixed diet was 5°06 : 1, that on HPO,, on the other hand 
being 4°95 : 1, the increase, as one sees, being an exceedingly small 
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one, not at all comparable to that noticed in the nucleic acid experi- 
ments. (Table VL) 


VI. UNDER MerapnospHoric 


Table of Ratios. | 
PgOs=1:TotalN AlloxuricN=1:P,0; Alloxuric N=1: Total N 
(a) on fixed diet 1 : 5°06 1:191 1: 88°06 
(b) on metaphosphoric acid 1 4°95 1; 184 1 : 90°87 


III. The alloxuric excretion (bases + uric acid) is practically un- 
affected when one looks at the absolute quantities, while relatively in 
proportion to the total nitrogen, it is diminished as one would expect 
in the case of such a mineral acid where the proteid metabolism is 
increased. | 

IV. The leucocytes showed no rise in numbers. 


_ Metabolism of the nucleins under pathological conditions. 


We now go on to a study of the metabolism of the nucleins under 
pathological conditions, and here, although our investigations have been 
very extended, we wish to exercise caution in drawing conclusions. | 

The interesting connection between pathological conditions showing 
hyperleucocytoses and the excretion of bodies in the urine derivable 
from the decomposition of nucleins has been emphasised recently by a 
large number of writers. We think, ,however, that the connections 
between leucocytosis and the excretion of the alloxur bodies are not 
capable of such an easy explanation as many have put forward. 

Leucocytoses occurring in the most diverse conditions (eg. in 
pneumonia, Hodgkin’s disease, carcinoma of different organs, experi- 
mental leucocytoses from the action of different substances injected 
into blood stream or given by the mouth, not to speak of innumerable 
cases of leucocythewmia) have been grouped together, and a close 
relationship shown in all cases between the rise in the number of the 
leucocytes and the rise in the alloxuric excretion. Such a view can 
only be held when the wniters believe that the absolute amount of 
nuclein decomposition increases in the same proportion as the rise in 
the number of the leucocytes. In other words, leucocytosis and leuco- 
lysis go hand in hand; but as we shall show immediately there is in 
all probability an increase in leucocytes due to diminished breaking 
down. In such a case one could not expect the alloxuric nitrogen or, 
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more important, the P,O, to be increased. Even if the former were 
increased with the rise in leucocytes, one could not simply draw the 
conclusion from this that the nuclear decomposition -was raised. 

Although the amount of work on this subject during the last few 
years has been immense, still our knowledge of the nature of the 
different forms of leucocytoses is still very far from complete. 

Either the methods of analysis have been faulty as, e.g., the esti- 
mation of alloxur bases by the Kriiger-Wulff method or the amounts 
of urine taken for the analysis of the latter have been far too small. 

Dunin and St Nowaczek! have estimated the uric acid before 
and after the crisis in croupous pneumonia and have found it increased 
shortly before, most markedly, however, just after the crisis, returning 
to the normal about the seventh or eighth day. He used Haycraft’s 
method for uric acid estimation, which unfortunately is not an entirely 
reliable one. The experiments do not teach us much, as neither the 
P.O, nor the alloxur base excretion is given. | : 

Kiihnau and Weiss* examined a large number of cases pre- 
senting different forms of leucocytosis, and gave as the result of their 
investigations that an intimate relationship existed between leuco- 
cytosis and the alloxuric excretion, viz., an increase in the former 
resulting in a corresponding rise in the latter. Here no attention has 
been paid to the P,O, excretion, nor to the ratios existing between 
total N, alloxuric N, and P,O,. 

The first pathological condition which we shall take up is that of 
leucocythemia. Here there is not only a marked increase in the 
number of the white blood corpuscles, but an alteration from the 
normal in the proportion of polynuclear to mononuclear forms, Now 
the question was, is this qualitative alteration in the leucocytes a 
disturbance in their life history? As there is no certain sign either in 
the blood or blood-forming organs of an increased production of white 
blood corpuscles in leucocythemia, one is almost-led to believe that the 
fundamental alteration is a hindrance in the transformation of mono- 
nucleated into polynucleated cells. If this arrest actually occur, then 
one would expect that an examination of the urine would show, 
instead of a rise in P,O, corresponding to a hyperleucocytosis, a 
diminution of the same. The reason for the passage of the myelocytes 
(Ehrlich) from the bone-marrow into the blood, whether it be due to 


1 Zeit. f. klin. Med. xxxu. 8, 1, 1897. 
 *Ktthnaa. Zeit. f. klin. Med. xxvin. 8. 584; and Weiss, ibid. xxxm. 
8. 482, 1897. 
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active movements on the part of those cells, or mechanical transmission 
of them by means of the blood stream, it is impossible at present to 
decide. Ehrlich holds that the former is the more probable’. | 

From what we shall immediately show, there is no doubt that the 
life-history of the leucocytes in leucocythemia, looked at from the 
chemical standpoint, is absolutely different from that in the form of | 
“active” (nucleic acid) leucocytoses which we have examined. 

The points to be specially noted in this case of leucocythemia are © 
_ those which have been referred to in the case of the nuclein investiga- 

tions. At the outset we wish to avoid exaggerating the importance of 
diurnal variations in the alloxuric excretion compared to increase or 
decrease in the number of leucocytes. Rather would we try to find 
out from the average of a very large number of analyses the nature of 
the fundamental changes in the metabolism of the nucleins in this 
condition. 

(1) The average amount of P.O, excreted in the urine in this case 
(over the analyses of twenty days) was 0°915g., while under: normal 
conditions in the case of R. B. (vide Table III) the average excretion 
was 4038 g. When one remembers that the average number of 
leucocytes under normal conditions in the case referred to above (R. B.) 
was 8,000, in the leucocythwmic case on the other hand 330,000, then, 
if the amount of P,O, be any gauge of the nuclear breaking down, one 
is compelled to admit that in the latter case the leucolysis is diminished 
(Table VII). 

(2) As in the previous investigations it is important to find out 
whether the nitrogen and phosphorus metabolism is disturbed, as shown 
by alterations in their relative proportions. : 

The average ratio in this case was 9°17 N : 1 P.O,, while in the 
normal it was 5°25:1. That is to say, not only is the P,O, absolutely, 
but also relatively diminished. This is another proof of the diminution 
of the leucolysis (Table VIII). 


Taste VIII. Taste or Average Ratios. 


‘Alloxuric N Alloxuric N 
Conditions P,0;=1 to Total N =1: POs : Total N Leucocytes 
Normal (R. B) 1: 6°25 1: 12°85 1: 80°17 8000 
Thymus 1: 458 1 : 12-60 1: 57°80 
Nucleic acid 1; 8-70 1: 19°80 1 : 78°70 10850 
Metaphosphoric acid 1: 4°95 1: 18°40 1; 90°80 7860 
Leucocythsmia 1: 18-28 1: 1-905 1: 25°3 830000 
Plumbism 1: 4°82 1: 11-60 1: 56°2 11430 


Ehriich u. Lazarus, Die Anamie. Erste Abteil. Nothnagel’s u. 
Therapie, 1898. 
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(8) The average total alloxuric excretion amounted to 0°382 g. N., 
while under normal conditions (R. B.) the excretion was 0°270g. There 
seems to be but little doubt that, in this case, where the total nitro-— 
genous excretion was exceedingly low, the alloxuric excretion was 
certainly relatively increased. 

We can lay no stress on the excretion of the nuclein bases per se, 

as they were estimated by Camerer’s method. In the majority of cases 
of leucocythsemia published by others there has been a more marked 
alloxuric increase. . 

(4) The ratio between the P,O, and the alloxuric nitrogen is, as 
can be seen from Table IX, absolutely different from that existing — 
normally. This alteration may be due to two conditions, a diminution 
in the phosphorus, along with an increase in the alloxuric nitrogen. 

_ For other points in connection with the absolute amounts of the 
different nitrogenous constituents in the urine (see Table VII). 


Plumbism. 


We next take up another form of pathological leucocytosis where 
the white blood corpuscles are increased in number, but show no | 
distinct alteration in the proportion of mono- to poly-nucleated forms. 

When we compare it with the other conditions along the same 
lines we find:—(Table IX). 

(1) The P.O, shows no distinct absolute i increase, nor is the ratio 
between P.O, and N. altered from the normal. 

The variations in the amounts of the alloxur bases are undoubtedly 
due to the fact that Camerer’s method was here employed. The uric 
acid excretion is about the normal. 

(2) There is one important point as fom a marked contrast to 
the leucocythzmic case, namely, that the alloxuric and P,O, excretions 
correspond to the normal. 

(3) The leucocytes did not alter greatly in number during the 
course of the investigations, and never at any time was the leucocytosis 
a marked one. . 

This may be one of the reasons why the nitrogen and phosphorus 
metabolism shows no marked aberrations from the normal, another 
complicating factor being that the patient suffered from chronic 
Bright's disease. During the course of the investigations the patient 
was passing fairly large quantities of lead in his urine, 
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Taste IX. or Prumsism. 


Specific* Total Total Alloxuric Leuco- 
Date Quantity POs “eld nitrogen cytes 
Dec. 1 1148 1018 8°540 1°738 0-032 0126 10,625 
2 1817 1018  12°260 2°956 0-151 0-089 11,250 
8 1780 1016 18°506 2°564 0°159 0-061 0-221 10,987 
5 1800 1015 11°94 2°358 0-150 0-063 0-214 7,500 
6 1784 1015 2°358 0-084 0-211 9,375 
7 1781 1016 12-06 2:010 0:149 0°058 0208 14,875 
8 1958 1014 18°12 3°320 0°147 0-063 0210 11,560 
9 1961 1015 14°60 2°702 0°149 0-092 0-241 7,500 
10 1460 1015 3-206 0-130 0-051 0-182 7,812 
12 1985 1017. 4°419 0°150 0°1038 10,625 
18 1964 1015 14°29 3°606 0°150 0-093 138,749 
14 2091 1014 16°448 3°600 0-111 0°164 18,487 
16 1925 1014 = 19-080 4°612 0°125 0-006 0131 14,062 
19 1825 1015 111298 2-074 11,600 
21 1120 1015 9 0 0°14 10,000 
22 1210 1015 9-079 1°687 0°14 
28 2124 1015 9°277 3°338 0-205 0°324 0°529? sai 
26 1710 1012 0:144 0°815 0°459? 11,300 
27 16501 1015 16°567 0°322? 11,000 
28 1750 1013 12838 2°862 11,875 
29 1880 1012 9-082 1°841 10,000 
30 1870 1015 138°508 ‘716 12,746 
Jan. 2 1620 1012 15°694 1°511 12,812 
8 1880 1012 12°29 2°784 10,000 
4 2060 1011. 2°633 12,187 
5 1850 1018 2-358 12,812 
6 1898 1016 1-999 0°105 0°037 10,937 
7 1800 1014 9°36 2°121 0°105 0-035 0°140 12,187 
9 1194 1016 8°79 2°702 6°097 0-047 0144 14,000 
11 1652 1017. «11°7 8-068 0°141 0°127 0268 10,000 
12 2115 1016 59 2-962 0°155 0-032 0187 10,812 
138 1797 1014 12°59 2°463 0-180 0-068 0°198 16,249 
14 1692 1015 12°54 2°793 0°156 0-058 0-224 10,987 
16 1640 1015 12°07 2°656 0°115 0°097 0212 10,987 
17 1583 1017. 10°95 2°610 0085 0-091 14,877 
18 1678 1017 18°64 3°343 0218 11,875 
19 1614 1018 1-969 01838 11,562 
20 1016 14°24 3°664 0°187 0-092 11,874 
21 1810 1015 10°0 2°29 0-109 0-078 12,810 


Averages 12°590 2°610 0°131 0°098 0°224 11,480 


CONCLUSIONS. 


(1) The digestion products of nuclein-holding tissues, nucleins and 
nucleic acid cause, on being absorbed, a temporary leucocytosis which 
is accompanied by a rise in the P,O, excretion above that derivable 
from the absorbed phosphorus. These alterations are especially well 
marked after giving nucleic acid. 

(2) The alloxuric bodies are excreted in excess, after nucleic acid 
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has been given, and in all probability also after large doses of nuclear- 
holding tissues or nucleins, although in our experiments, owing to the. 
small amount of thymus taken, there was no distinct increase. 

(3) The uric acid excretion after nucleic acid was only slightly, if 
at all, increased. We were exceedingly anxious to give larger doses of 
nucleic acid but were unable to do so because of certain rather dis- 
agreeable symptoms (severe muscular tremors) which arose after the 
larger quantity had been given. 

(4) Metaphosphoric acid has neither the action upon the leucocytes 
nor on the P.O, excretion that was noticed in the case of nucleins and 
nucleic acid. 

(5) The excretion of alloxur bodies is not altered in amount after 
metaphosphoric acid has been given. ; 

Whether the action on the leucocytes is lost with the disappearance 
of the alloxur bases from the nucleic acid, or whether thymic acid is 
still able to act in the same way we are not yet in a position to say, 
_ although Neumann’s experiments seem to prove that this latter acid 
has a leucocytotic action. 

(6) The action upon the leucocytes i is in all probability the primary 


factor leading to the alteration in the P,O, excretion, that is to say, | 


subsequently to, or accompanying, the hyper-leucocytosis there is a 
leucolysis. 


(7) The action of nucleins, etc., on the excretion of the total bases 
is not a constant one. 

(8) In the case of leucocythemia examined the condition seemed 
to consist in a hindrance to the leucocytic breaking down as evidenced 
by an absolute diminution of P,O,, and a marked relative decrease of 
the same in proportion to the total nitrogen. © 

(9) . The alloxuric nitrogen as a whole was, relatively to the total 
N, increased in the leucocythzemia case, both the bases and uric acid 
— participating in this. It serves no good purpose to propound 

a theory to explain this diminution in P,O,, compared to the relative 
increase in alloxuric nitrogen. We may merely say that undoubtedly 
in leucocythemia the developmental history of leucocytes is different 
from that existing under normal conditions, _ 

(10) In plumbism the conditions are comparable to those existing — 
normally, the leucocytes being merely altered in number and not with 
regard to the relative proportions of the different varieties. 

(11) In all cases where the feces were examined uric acid was 
found to be absent, and we can hardly understand how its appearance 
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can have the significance which Weintrand (loc. cit.) believes it to 


possess. | 

Although Dr Low kindly enumerated separately the mononucleated 
and polynucleated leucocytes in the case of plumbism we abstained 
from giving the results here as they have no ne on the work in the 


present paper. 


We have to thank Professor Rutherford, in the first place, for his 
kindness in furthering our work at all times, also Professor Greenfield 
for granting us permission to examine the urine in the case of plumbism, 
~ and Dr James for allowing us to investigate the case of leucocythemia. 

We are also indebted to Dr G. C. Low and Mr J. J. Galbraith for 
their kindness in estimating the leucocytes so carefully. 

_ The expenses entailed in carrying out our investigations were 
practically covered by grants received from the Moray Research Fund 
of this University. ’ | 
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ON THE UNION OF CRANIAL AUTONOMIC (VISCERAL) 
FIBRES WITH THE NERVE CELLS OF THE SU- 
PERIOR CERVICAL GANGLION. By J. N. LANGLEY, 
D.Sc, F.BS., Fellow of Trinity College, Cambridge. 
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(ii) Evidence of connection of efferent fibres of the vagus with the cells of the 
superior cervical ganglion obtained by stimulating the nerves. 
(iii) Experimental evidence of growth of the afferent fibres of the vagus into the 
peripheral end of the sympathetic. 
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(v) Tonio and reflex sympathetic actions by way of the vagus. 
8. Union of the Central End of the Lingual Nerve with the Peripheral End of the 
Cervical Sympathetic. 
4. Summary of Chief Results and Conclusions. 


INTRODUCTION. 


In an earlier Paper’, I have shown that the nerve fibres of the cervical 
sympathetic after they have been cut, can re-make connections with 
the nerve cells of the superior cervical ganglion, and I have given 
reason to believe that one class of nerve fibre, say pupillo-dilator, 
may make connections with nerve cells of a different class, such as 
pilo-motor. 

There are, it is well known, nerve fibres in the cranial and sacral 
nerves, which are allied to the sympathetic nerve fibres and the 
question naturally arises whether these allied fibres are capable of 
becoming connected with sympathetic nerve cells. | 

A word or two on nomenclature is here necessary. | 

By many of the earlier observers, the spinal ganglia and the various 
peripheral ganglia on the course of the spinal and cranial nerves, were 


1 This Journal, xxu. p. 215. 1897. 
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grouped together under the head of the ‘ganglionic’ system. And it was 
urged that the ‘ganglionic’ system was specially related to the ‘ organic 
or ‘vegetative’ functions of the body. The difficulty of generalising 
became clearer with further knowledge and the older terminology was 
gradually given up. Gaskell extended the meaning of the word 
‘visceral,’ and used the term ‘visceral nervous system’ to include the 
sympathetic system and the allied nervous elements of the cranial and 
sacral nerves. And this I have so far followed. But the word ‘visceral ’ 
is unsatisfactory, for the word loses its proper meaning if applied to 
nerve fibres such as those which run to the skin. In consequence, it 
seems to me advisable to adopt some new term. I propose to substitute 
_ the word ‘autonomic’. The word implies a certain degree of indepen- 
dent action, but exercised under control of a higher power. The 
‘autonomic’ nervous system means the nervous system of the glands 
and of the involuntary muscle; it governs the ‘organic’ functions of 
the body. | 

The immediate problem dealt with in this Paper is then, whether 
efferent cranial autonomic nerves can become connected with the 
sympathetic nerve cells of the superior cervical ganglion. 


UNION OF THE CENTRAL END OF THE VAGUS WITH THE 
PERIPHERAL END OF THE CERVICAL SYMPATHETIC. 


General nature of the experiments. 


_ The experiments were made on cats and were six in number*. The 
details were varied in certain respects in order to test the fundamental 
question in several different ways. The operative procedure common 
to all of them was as follows:—The animal was etherized. The vagus 
and cervical sympathetic nerves were exposed at, or a little below, the 
level of the larynx on the right side. Both nerves were cut and 
a portion removed. The central end of the vagus was turned forward 
_ towards the head, and its cut surface brought into contact with the cut 
_ peripheral end of the cervical sympathetic (cp. Figs. 1—6). Thus the 
vagus was allowed an opportunity of growing along the cervical 
sympathetic to the superior cervical ganglion. Antiseptic precau- 
tions were used before and during the operation, and the wound . 
1 This word was suggested to me by Prof. Jebb, to whom I offer my cordial thanks. 


2 A brief statement of the results of two of these has been published in the Proc, Roy. 
Soc. 62, p. 881. 1898. 
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healed rapidly. The ae of the animals was observed almost 
daily. 
_ Tn three of the experiments, the animals were, after a baie, anes- 
thetized, at first with chloroform, later with A.c.E. mixture, and the 
effect of stimulating the vagus and sympathetic noted. 


procedure in these three cases were as 
follows :— 


Exp. I. Young cat, fully grown. Fig. 1 shows diagrammatically the 
operation on the nerves. Two mm. only of the nerves were removed. 


“= 

C 

Sy Sy 
Fig. 1. 


The central end of the vagus was turned round to join the peripheral end 
of the cervical sympathetic ; and the central end of the cervical sympathetic 
was turned round to join ee of the vagus. The animal was 
left for 123 days. 


Exp. If. Young cat, not fully grown. A diagram of the operation is 
given in Fig. 2. The lower (thoracic) ends of the nerves were tied with 


seg Sy 
_ Fig. 2. 


carbolized catgut. A es mm,~ of the vagus and about 1} c.m. of the 
sympathetic were removed; and the vagus turned forward to join the | 
sympathetic. The animal was left for 73 days. 


Exp. III. Young cat, not fully grown. A diagram of the operation is 
given in Fig. 3. Nearly 5 c.m. of the nerves were removed. The vagus 


> = 


Sy 


Fig. 3. 


was tured forward to join the eympathotic about the level of the thyroid 
artery. The animal was left for 43 days. | 


In the other three experiments a second operation was performed, 
in order to serve as a control for the results of the first three experi- 
ments, Time was allowed for the vagus to grow to the superior cervical 


“ 
tn 
». 
¥ 
on 
4 
Sa 
r 
4 
is 
ag 
2 
A 
5 
bd 
. 


REGENERATION OF AUTONOMIC NERVES. 248 


- ganglion. Then, in one experiment the vagus was cut through a little 
- below the ganglion of the trunk; this in a few days would of course 
lead to degeneration of such vagus fibres as had grown towards the 
ganglion. In another experiment the vagus was partially cut through 
also a little below the ganglion of the trunk. In the third experiment 
of the series, the sympathetic and the vagus were again severed and a 
small part removed, this time low in the neck, below the original place 
of section; this in a few days would of course lead to degeneration of 
any sympathetic fibres which had grown to the ganglion. 


Exe. IV. Kitten. The vagus and sympathetic were tied with horse- 
hair low in the neck. About 2} om. of the nerves above the ligature were 
removed, and the extreme central end of the vagus turned round to join the 


Removed 


10 days 
sned 
Fig. 4, 


sympathetic. 38 days later, ether was given, the vagus cut above the 
junction, its peripheral end stimulated and then a few mm. removed. The 
animal was left for 10 more days. 


greater length—about 4 cm.—of the nerves was removed. The second 
operation was also as in Exp, IV. except that about } only of the vagus 


8 days 
x 
Seg. Joined 


Fig, 5. 
was cut. The animal was left for 8 days more. 


Exp. VI. Adult cat. The first operation was as in Exps. IV. and V. 
_ except that the nerves were joined rather lower in the neck ; about 2} cm. 


Removed 
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of the sympathetic and 14 cm. of the vagus were removed, so that a rather 
larger piece of the vagus was turned forward to join the sympathetic. The 
_ second operation was performed 55 days after the first, the sympathetic and 
vagus were stimulated close to the thorax, and a few mm. excised. The 
animal was left for 11 days more. 


Evidence of the connection of efferent fibres of the vagus 
with the cells of the superior cervical ganglion obtained by 
stimulating the nerves. 


In each of the six experiments, stimulation of the vagus in its course 
- from the skull to its junction with the cervical sympathetic produced 
effects normally produced by the cervical sympathetic. In no case did 
stimulation of the sympathetic low in the neck, even with very strong 
currents, cause any effect; so that the lower (central) end of the sympa- 
thetic had not made functional union with the superior cervical ganglion, 
and in consequence the effects produced by the vagus could not have 
been due to stimulation of regenerated sympathetic fibres. 

In Exp. II. attention was especially directed to observing as many as 
possible of the actions which had been acquired by the vagus. Partly 
for this reason, and partly to show some details of the method of con- 
ducting the experiments generally, I give here an abstract of the notes 
of this experiment. 


Exp. II. 73 days after union of the right vagus with the cervical 
_ sympathetic. Chloroform given. In a few seconds the right nictitating 
membrane projects about } way over the eye. Tracheotomy, tracheal tube 
connected with bottle of a.c.z. mixture. The right nictitating membrane 
projects more than the left; both pupils are large, the right at first not quite 
‘so large as the left; both ears have become flushed, but there is no marked 
difference on the two sides, nor is there in the tint of the lips, gums and 
tongue on the two sides. 

Expose the vagus and the cervical wuminina in the neck. There is a 
gap of about 14 centimetres between the upper and lower ends of the nerves. 

Stimulate the lower (thoracic) ends of the vagus and sympathetic with 
the interrupted current, varying from weak to very strong. There is no- 
effect upon the nictitating membrane, eye, pupil, hairs, or blood-vessels of 
ear ; nor is there any effect upon the heart-beat, nor is there any reflex effect 
on respiration or body movement. 

Pass the electrodes slowly upwards on the tissue between the lower end 
of the nerves and the upper ends. No effect is obtained until the electrodes 
touch the upper ends, then the usual effects of stimulating the cervical 
sympathetic are obtained. 
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- Separate the vagus from the sympathetic in the upper part of the neck, 
beginning about 5 mm. above the point where the vagus was turned round to 
join the sympathetic, and ending 7 mm. below the superior cervical ganglion. 

Stimulate the mid region of the isolated vagus. There is good retraction 
of the nictitating membrane, dilation of the pupil, opening of the eye, 
contraction of the vessels of the ear, and slight movement of the hairs of 
the face area. Reflexly the stimulation causes some quickening of the respira- 
tion ; on decrease in the amount of anzsthetics, stimulation causes also slight 
body movement and slight movement of the eye on the opposite side, 

Stimulate the mid region of the isolated sympathetic. The usual sym- 
pathetic effects are produced: there is also noticed a slight movement in a 
narrow band in the upper part of the esophagus. No effect obtained on 
respiration, and no body movement; but after repeating the stimulation 
many times a vomiting fit ensues. i 

Tie and cut the vagus a little below the ganglion of the trunk. 

Stimulate the peripheral end of the vagus. The nictitating membrane is 
strongly and quickly withdrawn, it and the conjunctiva become paler, but not 
quite pale; the pupil becomes of maximal size; the ear becomes quite pale, 
but no certain change of tint is seen in the mouth or tongue; the hairs of 
the face area are for the most part only slightly affected, but a small patch 
responds moderately ; there is also a flow of saliva from Wharton’s duct. 

Tie and cut the sympathetic a little above the swelling where the vagus 
is joined to it. : 

Stimulate the peripheral end of the sympathetic. The same effects are 
obtained as were obtained a little earlier by stimulating the vagus. 

Tie a cannula in the duct of the right sub-maxillary gland. 

Stimulate the sympathetic. There is a flow of watery saliva, of approxi- 
mately the normal amount. Rather more is obtained by stimalating the 
sympathetic after. the chorda tympani has been stimulated. 

Tie and cut the /eft cervical sympathetic, and stimulate the peripheral 
end—the same effects are obtained as on the right side, except that the 
movement of the hairs of the face area is quicker and stronger, and there 
is also erection of hairs on the occipital region, an effect which was not 
obtained with the right sympathetic. 

Inject 10 milligrams of nicotine into the external jugular vein. Stimu- 

lation of neither sympathetic gives any effect for ten minutes or so. 
, Inject into jugular vein 15 milligrams of nicotine. Stimulate the right 
cervical sympathetic; no effect is obtained. Out the 1xth and xth nerves at 


their exit from the skull. Stimulate the right ei raans cervical ganglion— 
the usual effects follow. 


In the foregoing experiment, after the vagus had been cut below 
the ganglion of the trunk, stimulation of the peripheral end of the 
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nerve which had united with the cervical sympathetic, caused dilation 
of the pupil, separation of the eyelids, retraction of the nictitating 
membrane, contraction of the vessels of the ear and of the conjunctiva, 
secretion from the sub-maxillary gland, and erection of hairs in the 
face area. These effects were also produced by stimulating the cervical 


sympathetic from its point of union with the vagus up to the superior 


cervical ganglion; but none of them were produced by stimulating the 
sympathetic low in the neck, 

In Exps. I. and IIT. similar results were obtained, but fewer of the 
sympathetic effects were looked for, since attention was directed to 
determining some other questions. Thus it seemed desirable to 
investigate whether perchance sympathetic fibres passed from the 
spinal cord to the upper end of the cervical sympathetic by some other 
path than the trunk of the nerve which had been cut low in the 
neck and which gave no effect on stimulation. With this end in view 
in Exp. III. the 8th cervical to the 7th thoracic nerves inclusive were 
exposed in the vertebral canal, tied, cut and stimulated on both sides, 
before the nerves in the neck were interfered with. On the right side, 
t.¢. on the side on which the vagus had united with the sympathetic, 
the spinal nerves had no trace of sympathetic effect. On the left side, 
the normal effects! were produced. Thus the sympathetic effects 
produced on the right side by the vagus and the upper end of the 
cervical sympathetic could not have been due to sympathetic fibres 


taking an aberrant course. 


The other three experiments were, as I have said, chiefly designed 
as a control of the results so far obtained. In Exp. IV., 38 days after 
the junction of the vagus with the cervical sympathetic, the nerves in 
the upper part of the neck were exposed in the etherized animal. The 
vagus was cut about half way between its junction with the cervical 
sympathetic and the ganglion of the trunk. The peripheral end was 
stimulated and caused prompt pallor of the ear, opening of the eye, 
retraction of the nictitating membrane, and prompt but temporary 
dilation of the pupil. Similar effects were obtained by stimulating the 
sympathetic at the level of the cut vagus. Having thus determined 
that the vagus had acquired sympathetic functions a small part of 
the vagus was removed. The wound was treated in the usual way, 
and as usual, it was practically unnoticed by the animal, after the 
effects of ether had disappeared. Ten days later, the portion of the 


Op. This Journal, op. et. supra 


= 
3 
wf 
= 
og 
by ar * 


REGENERATION OF AUTONOMIC NERVES. 247 


vagus attached to the cervical sympathetic and the cervical sympathetic 
up to the superior cervical ganglion were stimulated. They produced 
no effect of any kind. In isolating the cervical sympathetic, the grey 
ramus running to the 2nd and 3rd cervical nerves and so to the great 
auricular, was seen to be attached to it; stimulation of the peripheral 
end of the ramus caused good contraction of the vessels of the ear, 
and stimulation of the superior cervical er" gave the usual — 
sympathetic effects. 

In this case then, 38 days after the joa of the vagus with the 
cervical sympathetic, both the vagus and the portion. of the cervical 
‘sympathetic connected with it were able to cause contraction of the 
vessels of the ear, retraction of the nictitating membrane and so forth, © 
but 10 days later, the vagus having been cut, neither nerve was able 
_ to cause any sympathetic effect. The obvious interpretation of the loss 
of irritability is that it was due to the degeneration of vagus fibres 
_ which had previously grown along the sympathetic to the superior 
cervical ganglion. : 

It may, I think, be safely said that the section of the vagus did not — 
by an inflammatory process injure the adjoining sympathetic nerve, 
for the wound healed by first intention, and there was only the usual 
degree of connective tissue growth. And it may be recalled, that section 
of the vagus or of the cervical sympathetic, leading to a certain amount 
of connective tissue growth, does not affect the conductivity of the 
adjoining nerve. Further positive evidence on the point is affurded by | 
Exp. V. In this, the operative procedure was the same as in Exp. IV., 
except that one strand of the vagus was left intact. Eight days later, 
stimulation of the cut strand had no effect, but stimulation of the uncut 
strand or of the cervical sympathetic from its junction with the vagus 
upwards produced sympathetic effects though less in degree than usual. 

Another method of control was adopted in Exp. VI. In this experi- 
ment after time had been allowed for the vagus to become connected — 
with the superior cervical ganglion, the central end of the sympathetic 
was cut instead of, as in Exp. V., the central end of the vagus. The 
ensuing nerve degeneration did not abolish the irritability of the upper 
end of the sympathetic and vagus. 

Expr. VI. 55 days after the vagus had been joined with the cervical 
sympathetic, the sympathetic and the vagus were exposed low in the neck. 
These nerves were cut a little below the original ligature and the end towards 
the head stimulated; no effect was thereby caused. A few millimetres of 
the nerves were removed. 11 days later stimulation of the vagus below 
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the ganglion of the trunk and of the upper end of the cervical a 
gave rise to the usual sympathetic effects, 


There remained the possibility that the nerve fibres in the vagus 
which acquired sympathetic functions were fibres which had joined 
the vagus by some other source than its nerve roots. In order to 
settle this question the nerve roots inside the dura mater wete 


stimulated in Exp, VI. The stimulation of the roots on the right side, 


i.e. the side on which the vagus had been joined to the sympathetic, 
caused dilation of the pupil, retraction of the nictitating membrane, 
opening of the eye, contraction of the arteries of the ear, and some 
movement of the hairs of the face area. To this experiment I shall 
return presently. 

‘The foregoing observations show that when the central end of | 
the vagus is joined to the peripheral end of the cervical 
sympathetic, the vagus is capable of acquiring an influence 
upon all the structures which are normally influenced by 
the cervical sympathetic. 

The nerve fibres of the vagus might acquire their influence either 
by forming connections with the nerve cells of the superior cervical 
ganglion, or by forming connections with the peripheral tissues. The 
action of nicotine upon the vagus fibres shows that the former is the 
connection which is made. All the sympathetic effects produced by 


- stimulating the vagus and by stimulating the portion of the cervical 
sympathetic to which it has been joined, are abolished by the injection 


of nicotine into a vein (Exp. I. and II.) or by the local application 
of nicotine to the superior cervical ganglion (Exp. IV.). I conclude 
then, that when the central end of the vagus is joined to 
the peripheral end of the cervical sympathetic certain of 
the fibres of the vagus grow along the course of the 
cervical sympathetic and make functional connection with 
the nerve cells of the superior cervical ganglion. 

My observations do not deal with the histological nature of the 
connections formed, but we may for the present fairly assume that. the 
vagus fibres form nerve-endings (synapses) around the nerve cells, in 
general similar to those normally formed by the cervical sympathetic. 

Having arrived at these conclusions, we may pass on to consider 
what evidence there is that the vagus fibres change their function on 
becoming connected with the nerve cells of the superior cervical 
ganglion, 
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It may be assumed that the fibres which make this connection are 
neither its afferent fibres, nor its efferent fibres to striated muscle, but 
that they are efferent autonomic fibres. The chief efferent autonomic 

- fibres in the region of the vagus in question’ are the motor fibres to 
the csophagus and stomach, the motor fibres to the lungs and the 
inhibitory fibres to the heart. There is more or less evidence for the 
presence of other fibres, motor, inhibitory, and secretory, but these 
do not, on stimulation, produce such obvious effects as do those 
mentioned above. There are however no pilo-motor fibres, yet the 
vagus in four out of six cases—possibly in the other two also—after 
union with the sympathetic, caused on stimulation some érection of 
hairs in the face area. It follows then that some of the fibres of 
the vagus which normally are of one class become after 
connection with the superior cervical ganglion—fibres of 
another class; a similar deduction may be drawn from the vagus- 

- innervation of the dilator of the pupil, for it is probable that the dilator 
consists of special contractile tissue and not of unstriated muscle cells. 

There is good reason to believe that the motor fibres for the 
cesophagus and for the lungs arise from the upper roots of the vagus 

_ system, and that the cardiac inhibitory fibres arise from the lower roots 
of the system—usually classed as the bulbar roots of the spinal 
accessory’. Having this in view, in Exp. VI. in which the roots of the 
vagus were stimulated, the upper and lower roots were stimulated 
separately. The spinal accessory nerve was tied and cut more than a 
centimetre from its exit from the dura mater and its bulbar roots cut. 
The roots of the vagus above this were tied separately and cut. 
Stimulation of the spinal accessory near the ligature caused, as was to 
be expected, contraction of the muscles of the neck only. As the 
electrodes were passed along the nerves to the bulbar roots, sympathetic 
effects were obtained, viz. dilation of the pupil, retraction of the — 
nictitating membrane, and pallor of the ear. There was also slight 
movement of the eyelids, but no certain effect on the hairs. Relatively 
the effect on the nictitating membrane was greater than that on the 
pupil, and this greater than that on the vessels of the ear. Stimulation 
of the vagus roots produced more pronounced effects and especially 
on the ear; there was also separation of the eyelids, and slight . 

_ erection of hairs in the face area. Stimulation of the corresponding 


1 Op. Kreidl. Sitewngsb. d. k. Akad. d. Wissensch, in Wien. Math. Naturw. Cl. cv. 
Abt. 1. 1897. 
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roots on the opposite side produced none of these effects’. It will be 
seen that the effects produced by stimulating the bulbar roots of the 


spinal accessory and the roots of the vagus had little or no relation to 


the character of the known autonomic fibres in these roots. The chief 
known autonomic fibres in the spinal accessory are the inhibitory fibres 
of the heart. The autonomic fibres of this nerve produced, so far as 
observed, after junction with the sympathetic, motor effects only. In 
consequence it appears to me probable that the normal 
inhibitory fibres of the vagus became motor fibres by 
connection with the superior cervical ganglion. 

Notwithstanding this, there is some evidence that the vagus fibres 
do not make connection with equal ease with the different classes of 
nerve cells in the superior cervical ganglion. Thus the vagus nerves never 
acquired a great effect upon the erector muscles of the hairs. In Exp. I. 
only, did it approach that usually exercised by the sympathetic, and in 
this case only in a portion of the face area. The vagus acquired a 
greater influence over the dilatator pupillz and the unstriated muscles 
of the eyelids, than on the erectores pilorum, but in no case was it as 
great as that proper to the sympathetic. In the case of the iris, a weak 
current—sufficient if applied to the cervical sympathetic to keep the 
pupil dilated for some time—did not keep the pupil at all fully dilated, 
but caused a momentary considerable dilation, giving way at once to a 
state of only slight dilation. It required a moderately strong current 
to keep the pupil large’. 

The influence acquired by the vagus over the arteries of the ear, 
and over the retractor of the nictitating membrane was greater than 
over any other structures. When the vagus was stimulated with | 
currents just felt on the tip of the tongue, there was in most cases 
complete retraction of the nictitating membrane, and complete pallor 
of the ear. As the current was made weaker the effect on the ear was 
the first to cease. But I do not think that in any case the vagus was 
as responsive to weak currents as the normal sympathetic. Although 
these facts seem to me to afford some evidence of a selective power of 
the vagus fibres, they do not seem to me at all conclusive; and it is 
to be remembered that somewhat similar differences occur in the 


regeneration of the cervical sympathetic itself. 


1 It is important to bear in mind that by placing the electrodes on the bone, near the © 
exit of the vagus, the anterior rami of the superior cervical ganglion can be stimulated. 
* In Exps. I. and IL., in which a longer time was allowed for regeneration, the influence 
of the vagus on the pupil was greater than in the other cases. 
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_ The shortest time after junction of the vagus with the sympathetic 
at which the vagus was stimulated was 38 days. The nerve produced 
sympathetic effects. The minimal time required, no doubt varies in 
different cases. From observations to be given later on the animals 
during life, I should place it between three and four weeks. . 

In Exp. V.—46 days allowed for degeneration—a comparison was 
made of the effects of stimulating with weak currents the vagus and 
the sympathetic connected with it. It was found that the vagus was 
more excitable than the sympathetic. The result is in accordance with 
the observations of others that in a regenerating nerve conductivity 
_ returns before excitability’, In Exp. I1—123 days allowed for re- 
generation—a similar difference was not found, both vagus and the 
sympathetic connected with it had a slight effect on the nictitating 
membrane and eyelids when stimulated with a tetanising current not 
felt on the tip of the tongue. 


-. Evidence of growth of afferent fibres of the vagus into the 
peripheral end of the cervical sympathetic. 


This was not a matter to which I gave much attention, as it seemed 
to me to have only an incidental relation to the points I wished to 
decide. And observations were only made in the first two experiments. 
As the animals were deeply anzsthetized some reflex effects may have 
been suppressed. In Exp. II. (cp. Protocol p. 242) stimulation of the 
cervical sympathetic below the superior cervical ganglion caused a con- 
traction of the upper part of the esophagus and apparently vomiting. 
In Exp. I. in which the time for outward growth was larger, viz. 123 days, 
the cervical sympathetic similarly stimulated caused contraction of the 
upper part of the esophagus and a slowing or cessation of the respiration. 
We may conclude then that some afferent fibres of the vagus had grown 
along the course of the cervical sympathetic. This is supported by the 
histological observation (see below) that in both these cases some 
medullated fibres 4 to 6u in diameter were found in the sympathetic 
nerve in the stretch between the vagus and the superior cervical 


ganglion. 
Histological observations. 
~The vagus and sympathetic nerves in the whole extent of the neck 
were treated with osmic acid. Parts of the nerves were teased out, 


1 Cp. Howelland Huber. This Journal, xm. p. 364. 1892. 
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other parts imbedded and cut transversely. The tissue between the 
upper and lower ends of the nerves was similarly treated. Serial 
sections were made of the joined ends of the vagus and sympathetic ; 
and in some cases of the superior cervical ganglion. 

The appearances presented were for the most part such as were to 
be expected from the nature of the operation, and a few points only 
need be mentioned. 

In all cases there was an oval swelling at the junction of the vagus 
and the sympathetic nerves,—this we may call the upper neurome. 
Except in Exp. II. there was a similar but smaller swelling at the lower 
cut ends of the nerves,—this we may call the lower neurome. 

Lower neurome and its nerves. In Exp. IV. V. VI. the horse-hair 


_ ligature was still in place; the sympathetic close to the ligature was 


without medullated fibres; a short distance from it, the fibres had 
globules of medulla, and then they rapidly became normal. The 
medullated. fibres did not show, notwithstanding their severance from 
the superior cervical ganglion, any appreciable difference from the 
sympathetic fibres of the opposite side. In Exp. IJ. and III. there was 
an outgrowth of bundles of fibres for a short distance; rapidly 
diminishing in size and passing into connective tissue. In Exp. I. the 
sympathetic in the original operation had been turned back to join the 
peripheral end of the vagus. In the sections, the sympathetic could be 
followed curling backward for about 2 mm., normal in appearance. It 
then took on the usual appearance of a regenerating nerve, breaking up 
into bundles composed chiefly of non-medullated with a few medullated 
fibres. Nearly all of these bundles ran on into the perineurial sheath — 
of the peripheral end of the vagus. The peripheral end of the vagus 
contained scattered medullated fibres in considerable number; they 
were nearly all small, but a few were of the size of vagus fibres and had 
in all probability grown downwards from that nerve. 


It may be noted that notwithstanding the growth of the sympathetic 
fibres down the vagus, neither the vagus nor sympathetic had any effect on 
the heart or the esophagus. The return of function in the peripheral end 
of the vagus appears to take a very long time (cp. This Journal, xvii. p. 283. 
1895). 


In Exps. II. to VI. the peripheral end of the vagus contained a few 
small medullated fibres—15 to 30 in number. In other experiments 


IT have found that on section of the vagus, a few fibres remain intact in 


the peripheral end of the nerve, they ew run to it low in the neck 
from the sy mpathetic. 
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The tissue between the wpper and lower newrome. Except in Exp. I. 
the neuromes were some distance apart. The tisstie between them did 
not contain a single medullated nerve fibre. I do not think the histo- 
logical methods I have used are very satisfactory for distinguishing 
between non-medullated nerve fibres and some forms of connective. 
tissue; and I prefer to lay stress with regard to this point chiefly 
on the stimulation experiments. But so far as the histological observa- 
tions go I may say that I did not find any non-medullated fibres in the 
intervening tissue. In Exp. II. there was a strand of tissue having in 
simply teased specimens the general appearance of non-medullated 
fibres, but on staining it with Renaut’s eosin-hematoxylin the fibres 
were found to be devoid of the characteristic nuclei of non-medullated 
fibres. And there was certainly none of those small bundles—after a 
time containing a few medullated fibres—which are so characteristic of 
the outgrowth of a nerve into connective tissue. | 

In Exp. I. the two neuromes were close together. A few small 
vagus bundles could be traced from the upper neurome to the outer 
part of the lower neurome. On the other hand I could not find any 
sympathetic bundle running from the lower neurome into the upper; 
nearly the whole of the sympathetic could be traced into the sheath of | 
the lower end of the vagus, a few bundles dwindling away in the con- 
nective tissue around the sheath. 

Upper newrome and its nerves. In the several iiiicanuans the 
length of the vagus which was turned forward in the original operation 
varied from about 2 to about 7 mm. In the section of the neurome 
the epineurial sheath of the vagus was lost in Exp. I. almost immediately 
after the bend forwards of the nerve; in the other exps. it could be 
followed 2 to 4mm. after the bend. In all cases the majority of the. 
nerve fibres lost their medulla at, or a little after, the bend, the number 
of medullated fibres rapidly diminishing in the upward course to the 
end of the perineurial sheath. At the end of the perineurial sheath, 
the nerve fibres spread out into small bundles separated by connective 
tissue. These continued onwards for 1 to 2mm., and then the con- 
nective tissue separating the central bundles became less, and these 
central bundles ran on into the perineurial sheath of the cervical 
sympathetic and so formed the regenerated stretch of the nerve. The 
peripheral bundles of the vagus ran a short distance forwards in 
connective tissue outside the perineurial sheath of the sympathetic, 
diminishing in number and size. In Exp. I. a few of these bundles 
curved downwards towards the lower neurome. 
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‘The regenerated nerve, i.e. the nerve from the upper neurome to the 
superior cervical ganglion consisted in all cases chiefly of non-medullated 
nerve fibres. The number and to some degree the size of the medullated 
fibres varied with the time allowed for degeneration. Few, if any, 


‘medullated fibres were present in the experiments in which less than 


47 days were allowed for regeneration. 


In Exp. IV. (38 days for regeneration, and a following 10 for degeneration | 
of vagus fibres) the nerve contained no medullated fibres. In Exp. III. 
(43 days for regeneration) and in Exp. V. (46 days for regeneration ; part 
only of vagus intact) a few small medullated. fibres were found, but I am 
not quite certain these were not descending from the ganglion. 


In Exp. VI. in which 66 days were allowed for regeneration 20 


medullated fibres’, all small, were present in the cervical sympathetic a 


little above the neurome.’ In the other two experiments, the number 
of medullated fibres was greater. | 
In Exp. II. in which 78 days were allowed for regeneration there 

were found: | 

12 fibres of 5'°5 to 6°5 » in diameter 

13 3 about 

lit”, C=" 


~ making in all 150 medullated fibres, of which 23 were larger than any 


found in the central end of cervical sympathetic. 

In Exp. I. in which 123 days were allowed for regeneration, the 
regenerated nerve a little below the superior cervical ganglion con- 
tained 350 medullated fibres. Of these, 30 were 4 to 6°5 wu in diameter 
and about 90 were 3 to 4. In both cases small and medium fibres 
were followed through the neurome into the sympathetic. The larger 
fibres in the regenerated nerve gave it a characteristic appearance very 
different from that seen when the central end of the cervical sympathetic 


is joined to its peripheral end. On comparing the larger fibres with 


fibres of the same size in the central end of the vagus, it was obvious 
that in the former, the axis cylinder was larger and the medulla was 
thinner than in the latter, so that the medium medullated fibres of the 
regenerated nerve were probably not the continuation of fibres in the 
vagus of the same size as themselves but of fibres of larger size. At 
the lower end of the superior cervical ganglion the larger nerve fibres 


1 ‘This was the one adult animal used in the experiment. The regeneration is probably 
quicker in young than in adult animals, 
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could be followed in the nerve bundles into which the cervical sympa- 
thetic divides for a variable distance into the ganglion; as the bundles. 
broke up still further, the larger fibres disappeared so that about one- 
third way through the ganglion, one or two only were to be seen. 


Tonic and reflex sympathetic actions by way of the vagus. 


Although, as we have seen, the vagus can make connections with 
the superior cervical ganglion, which are capable of being set in 
activity by electrical stimulation of the vagus fibres, it does not 
necessarily follow that the new connections are set in activity by 
normal nervous impulses, Whether they are or not requires separate 
investigation. I have made phesaguineeorat bearing on the question in 
several ways. 

1, The central end of the superior laryngeal branch of the 
operated vagus was stimulated, in the anesthetised animal, with weak 
tetanising currents. In Exp. III. this caused on the side stimulated, 
prompt retraction of the nictitating membrane, opening of the eye, and 
obvious, though not great, dilation of the pupil. When the stimulus 
was kept on for 5 to 15 seconds, there was also complete pallor of the ear. 
It is known that these effects can be obtained by stimulating almost 
any sensory nerve; but effects so obtained are much diminished by 
deep anesthesia, and are usually equal on the two sides. In Exp. IIL, 
the animal being in deep anesthesia, weak stimulation of the superior 
laryngeal caused complete retraction of the nictitating membrane, and 
complete contraction of the arteries of the ear on the side stimulated. 
On the opposite side, it was doubtful whether there was any con- 
- traction of the vessels of the ear, and the effects upon the various 
structures of the eye were always less than on the same side, and 
sometimes were absent. 

In the normal animal, so far as is known, all the vaso-constrictor 
fibres to the ear, run in the cervical sympathetic. In Exp. III. the — 
cervical sympathetic had been cut and had not regenerated; the vagus 
had made functional union with the superior cervical ganglion. Thus 
the pallor of the ear caused by stimulating the superior laryngeal 
could only have been produced’, according to our present knowledge, 
by impulses passing down the vagus to the superior cervical ganglion. 
To test this view, the vagus-was cut in this experiment, a little below 
the ganglion of the trunk, so that the superior laryngeal nerve 


_ * Exeept by an escape of current to the vagus trunk, which there was no reason to 
suspect. 
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remained connected with the vagus centre, but the vagus centre was 
separated from the superior cervical ganglion; weak stimulation of the 
superior laryngeal no longer caused any sympathetic effect upon the 
side stimulated. 

The observation affords evidence that impulses passing by afferent 
vagus fibres can excite the vagus centre, and cause impulses to be 
given off along efferent vagus fibres to the superior cervical ganglion, 
and so to the tissues innervated by this ganglion; or in other words 
that after union of the vagus with the cervical sympathetic, the central 
nervous system is capable of stimulating the cells of the superior 
cervical ganglion by nervous impulses passing along the vagus. I am 
unable, however, to lay any great stress on this observation, because in 
another experiment (No. 6) I did not obtain any sympathetic effect on 
stimulating the superior laryngeal nerve, although the'stimulus caused 
both body movement and a temporary cessation of the respiration. 

2. Another line of observation was to note the rate of diminution 
or disappearance of the paralytic symptoms after the vagus had been 
joined to the cervical sympathetic. 

Unfortunately we do not know with certainty ‘ quickly, or how 
completely the paralytic sym ptoms disappear after removal of a part 
of the cervical sympathetic and in the absence of regeneration. The 
chief structures which have been observed are the iris and the arteries 
of the ear; the evidence on the whole appears to me to show that the 
diminution in the size of the pupil remains indefinitely and with very 
slight decrease; and that the dilation of the vessels of the ear also 
remains indefinitely though with considerable diminution. I need not, 

"however, discuss the question here, since I am making observations, 
not yet complete, with regard to it. It must be mentioned, however, 
that apparently the nictitating membrane returns to a large extent to 
its normal position apart from nerve regeneration. 

Section of the cervical sympathetic, though it always causes marked 
effects, does not in all cases cause them to an equal extent. After the 
section, the nictitating membrane may cover a half, or it may cover 
two-thirds of the cornea. The arteries of the ear become distinct and 
the peripheral vein swollen, but the degree of dilation varies not 
inconsiderably in different cases, and the — region may be pale 
or have a reddish tint’, 


cause a@ flushing of the capillary region at all comparable to that occurring in local inflam- 
mation. | 
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In the six cases of union of the vagus with the sympathetic, the 
rate and extent of the recovery from the sympathetic paralysis at first 
produced, varied somewhat, but not more than might be expected from _ 
the different conditions. The recovery was quickest in Exp. IV., a 
vigorous kitten; and slowest in Exp. VI., an adult cat; in the latter, 
however, the occurrence of skin disease obscured the symptoms. 

The following is a general account of the symptoms :— : 

Blood vessels of the ear. In noting the condition of the ear, I have 
not taken the temperature with the thermometer. Observation of a 
large number of cats showed me that in the animal house, in which 
they were kept, the ears were normally pale, the arteries were barely 
seen, and the peripheral vein inconspicuous; the ears when held 
between the fingers were cool or cold. On hot days the ears may 
become more or less flushed, and warm to the touch. Thus in judging 
of the degree of recovery from the original paralysis, it is in nearly 
all cases sufficient to note the state of the vessels of the two ears. 
Flushing on the operated side indicates the continuation of paralysis, 
unless the ear on the opposite side is also flushed. 

On the 4th to the 7th day some decrease in the arterial dilation 
can be observed. The dilation becomes less and less, and in 20 to 
24 days, the arteries are only a trifle more obvious than normally, and 
the ear is only slightly warmer than the ear on the opposite side, 
From this time onwards, the ear remains on the whole pale, though the 
arteries vary a little in distinctness from day to day. It is difficult 
_ to say when the ear settles down into a state of normal pallor not 
distinguishable from that of the opposite side; roughly it may be said 
to be from 38 to 48 days’. 

The nictitating membrane. The nictitating membrane varies not 
inconsiderably with the state of the animal. When the animal is 
drowsy, the nictitating membrane comes forward, and when the animal 
is excited, the nictitating membrane is retracted a little. These effects, 
however, do not come into play, until the retractor of the nictitating 
membrane has recovered some degree of tone. In the description I 
give later, I take the state of the nictitating membrane as it is in the 
animal fully awake and unexcited. . 

The membrane gradually returns towards its normal position. In 
four’ of the experiments it was about 3rds over the cornea for the first 


the arteries on the two sides were indistinguishable. 

In the other two cases the membrane projected about 4 in the first day or so. ta ene 
(Exp. IV.) the recovery was quicker, in the other (Exp. VI.) the recovery was much slower 
than that given above. 
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| day or eae about 4 in 7 days, 4rd to 4 in 14 to 20 days, kth | to rd 
in 24 days. After this there was a slow further fetraction, varying in 
the several cases, until it projected very little. As time went on, the 
nictitating membrane projected less when the animal was drowsy, and 
was more readily retracted when the animal moved at all quickly. 


Pupil. There is some recovery in the size of the pupil, but it is — 


very slow, it was not in any case complete. For one to two months, 
whatever the size of the pupils, that of the operated side is obviously 
the smaller ; later the pupils when smal] may show very little difference 
on the two sides. Occasionally also in Exp. L, II, and IIL. the pupils 
differed but slightly when they were of moderate size, but this was a 
transitory state, a minute or an hour later, a distinct. difference would 
be obvious. 

Other effects. There was some recovery in the normal width of the 
palpebral aperture, variations in this are difficult to estimate. The 
flushing of the mucous membrane and the adjoining skin of the nostril 
gradually disappears, perhaps rather more slowly than the flushing of 
the ear. The tendency to sneeze, and the increased lachrymal and 
salivary secretion—apparently set up reflexly—ceases in two or three 


weeks, 
I give as an example some of the observations made in Exp. II. (Right 
vagus joined to sympathetic. ) 


1 day. Nictitating membrane projects 4 to 2rds over the cornea ; ear very 


flushed and warm. Pupil much smaller, and eyelids much closer together 
on the right than on the left side. (On the left side, the nictitating 
membrane was withdrawn, and the ear pale, unless otherwise mentioned. ) 
4 days. Slight decrease of the paralytic symptoms in the nictitating mem- 
brane and vessels of the ear. 
7 days. Nictitating membrane projects about 4 way over the cornea. Ear 
still flushed and warm. Pupil and eyelids as before. 
13 days. Kar warmer, than on the opposite side, vessels more obvious ; but 
difference in the two sides is not great. 
20 days. Right ear still warm and more flushed than the left, but difference 
- less than at 13 days. 


31 days. Nictitating membrane projects jth to jrd over cornea. Right ear — 


is a trifle redder than the left. The paralytic symptoms in the pupil 
and eyelids are still very obvious. 

48 days. Nictitating membrane projects slightly only ; but when the animal 

sits half asleep, the membrane projects 4 to 4 way over the cornea, far 

‘more than on the intact side. The right ear is pale and cool, like that 

on the intact side. (From this time onwards the right ear remained 

—— and cool, and further reference need not be made to it.) 
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- 55 days. A little before this, the animal had an attack of catarrh of the 
mucous membranes of the head ; the attack lasted 10 to 12 days. Nicti- 
tating membrane is generally about 4 way over the cornea, when the 
animal is at rest; but is retracted, so as to project very slightly when 
the animal is moving. Both pupils are large, but the right is not quite 
so large as the left. 

60 days. Nictitating membrane still projects a trifle more than on the intact 

_ side, Pupils large and not much difference between them. : 

62 days. As at 60 days. On giving milk, the right nictitating membrane 
is completely drawn back, the left projects a little, so that the nictitating 
membrane on the operated side projects Jess than on the intact side. 
As before, the nictitating membrane projects when the animal is drowsy. 

71 days. Pupil distinctly smaller than on the intact side; and nictitating 
membrane projects a trifle more. ! 

73 days. Pupil is considerably smaller than on the intact (left) side, except 
‘when the pupils are small, then there is very little difference. The 
eyelids on the right sight are markedly closer together than on the left. 
On giving milk, the right ear remains pale, and becomes a trifle paler, 
the left ear flushes, and the left nictitating membrane projects more 
than the right. Take milk away; in a minute or so, the ears are 
equally pale and the right nictitating membrane projects more than the 
left. Give milk again; the right nictitating membrane is drawn back, 
the right ear pales a little more ; the left ear flushes. 

The recovery of tone in these experiments, and especially the 
recovery of tone in the vessels of the ear, makes for the view, that after 
a time nervous impulses were passing down the vagus to the several . 
structures; but the evidence is incomplete as. long as the course of 
events after simple section of the cervical sympathetic, without re- 
generation, is imperfectly known. 

3. A third line of observation was to note, what, if any, reflex 
changes occurred during life in the structures separated from the 
sympathetic, but connected with the vagus. Observations were made 
in all six animals, though in some more thoroughly than in others. 

Some of the changes observed could not be definitely referred to 
efferent impulses passing by the vagus. 


I have mentioned that after some time, when the antiogle are tics the 
nictitating membrane is more withdrawn than when they are quiet. In 
No. 3 it was noted also (31 days after junction of the right vagus with the 
sympathetic) that when the animal was trying to catch flies, or was otherwise 
excited, the right eye opened widely, so that the palpebral aperture was 
nearly as great as on the normal side. Ordinarily there was a marked 
difference on the two sides. (A difference in the position of the nictitating 
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membrane when the animal is sitting half asleep, and when it is moving 
about, occurs after section of the cervical sympathetic, and I think without 
any nerve regeneration.) 
In Exp. V. (38 days after junction of right vagus with sympathetic and 
2 days after partial section of vagus) when the animal was angered as by 
pulling away its meat when it was eating, and by teasing it with a straw, 
there was a great and striking increase in the paralytic symptoms in the 
nictitating membrane and the pupil, and some in those of the eyelids. The 
right nictitating membrane passed half-way over the cornea, and as the 
animal calmed down, slowly returned to the customary state. This move- 
ment, though quick, was not like the sudden sweeping of the nictitating 
membrane across the eyeball, which occasionally occurs in cats. It was 
apparently due to a loss of tone of the retractor muscle. The increased 
difference in the size of the pupils was chiefly due to dilation on the left side. 
Similar changes were not seen in the other cats, but they were all extremely 
good-tempered and did not become angry when similarly treated. 

_ It was first shown by Schiff that when an animal, having the cervical 
sympathetic cut on one side, is placed in a warm chamber, the vessels of the 
ear on the intact side dilate more than those on the opposite side. The cats 
in Exps. III. and V. 37 days after junction of vagus and sympathetic placed 
in a chamber at 50—52° C. behaved in a similar manner. There was flushing 
of the ear on both sides, but considerably less on the operated than on the 


normal side, and after removal from the chamber, the ear on the normal side 


was the first to become cool. The paralytic symptoms of the iris, nictitating 
membrane, and eyelids were as distinct in the warm as in the cool. 

When chloroform was given—as a preliminary to killing the animal—the ~ 
right nictitating membrane almost at once projected about a third way over 
the cornea. The other and later effects of chloroform varied somewhat in 
the different cases. | 


Other changes, occurring during feeding seem to me to be fairly 
referable to the vagus. 

In most cases the animals were observed when lapping milk. When 
a cat is given solid food, the head is frequently moved as the food is 
torn or chewed first on one side of the mouth and then on the other, so 
that observation is difficult. Moreover a cat usually mpeee the eye on 
the side on which it is chewing. 

Normally a cat when lapping milk, half shuts its eyes, the pupils 
become smaller; the nictitating membrane projects a trifle; the ear, 
normally pale, shows little or no change, occasionally it becomes a trifle 
paler, and occasionally it flushes slightly. 

So far as my observations extend at present, a cat, with the cervical 
sympathetic cut, when lapping milk, closes its eyes more than a normal 
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cat, and the eye on the operated side may be shut; no movement takes 
place in the nictitating membrane; the pupils contract, but the pupil 
on the operated side remains sbeivosly smaller than that on the sound 
side; the ear on the operated side remains flushed. : 

In the cats in which the vagus had been joined to the sympathetic, 
the animal on taking milk behaved at first like one with the sympathetic 
cut, but in about a month certain differences in behaviour became 
_ manifest. That which I have observed most constantly is a retraction 
of the nictitating membrane. The usual change was as follows:—A 
few seconds after the animal was given milk the nictitating membrane 
—at the beginning projecting more or less obviously over the cornea— 
was slowly withdrawn, and remained retracted as long as milk was 
taken. Not infrequently the nictitating membrane on the sound side 
came out a little, so that in 5 to 10 seconds from the beginning of 
lapping, the condition of the two membranes was reversed, that on the 
sound side projecting rather more than that on the operated side. The 
rapidity of withdrawal became as a rule greater, the greater the interval 
_ between operation and observation. 

Changes in the arteries of the ear and in the pupil were not observed 
in all cases. With regard to the arteries of the ear, it must be remem- 
bered that they recovered approximately their normal tone, in five out 
of the six cases, about a month after the junction of the vagus with the 
sympathetic. In three of these cases a slight further contraction was 
observed when the animal lapped milk. In Exp. VL, in which the tone 
of the blood vessels was less completely recovered than in the other 
cases, a contraction of the arteries of the ear was repeatedly observed 
when milk was given to the animal, and there could be no doubt what- 
ever of its occurrence. The pupil was hardly ever actually seen to 
dilate, though once or twice, when the pupil was small to start with, 
this occurred; what happened was, that as the cat lapped milk the 
pupils which before had been markedly unequal became nearly equal: 
in size, and sometimes the relative size was reversed, so that the pupil 
on the sound side was smaller than on the operated side. 

The other paralytic symptoms were less often noted, but occasion- 
ally during feeding, the palpebral apertures became about equal. 

The phenomena described were in-most cases observed over and 
over again, On: any one day, when milk was given, as soon as an 
alteration in the nictitating membrane, pupil, or ear was distinct, the 
milk was removed, the return of the paralytic symptoms observed, and 
milk again given and so on half-a-dozen times. It is to be noted that 
it was the act of lapping milk and swallowing it, which served as a 


< 
é a cae 
a 
4 
om 
ay 
‘ 
A 
om 
4 4 soe 


stimulus and caused reflexly the several changes. In a few seconds to 

a minute after removing the milk, the nictitating membrane again 

projected, the increased pallor of the ear disappeared, and the pupil on ~ 

the operated side was again markedly smaller than the pupil on the 
sound side. 

If the animal was kept without food for some hours past the usual 
feeding time, the projection of the nictitating membrane diminished ; 
but it projected markedly more a minute or so after giving the animal 
a very small quantity of milk. On again giving milk, the usual retrac- 
tion took place, as long as the milk was being lapped up. 

In no case was feeding the animal observed to have any effect upon 
the erectile hairs of the head. And no changes were observed in any 
autonomic structure in correspondence with inspiration and expira- 

Changes in paralytic symptoms caused by feeding. 

I give here some account of the individual experiments. 

Observations were not made in Exps. I. and IL., until 8 or 9 weeks after 
the vagus had been joined to the cervical sympathetic. The ear and the 
nictitating membrane were then observed. The results in Exp. I. were 
similar to those of Exp. II., already given on p, 259. 

In the other cases, the effect of feeding was noted at short intervals from 
the beginning of the experiments, and the arteries of the ear, the nictitating 
membrane, the pupil, were nearly always observed. In the following -— 
I omit as a rule the negative results. 

Exp. III. 24 days. No change during feeding, 

30 days. When taking milk, the nictitating membrane is slowly withdrawn. 
(At this and at later times the ear was pale and cold, and no change was 
observed in it during feeding.) 

31 days. Give milk. Right nictitating membrane is slowly withdrawn ; ; 
and left projects a little, so that a short time after the animal begins 
to take milk, the right nictitating membrane is more withdrawn than 

the left. Same, 32 days, | 

33 days. Give milk. Nictitating membrane drawn back and apparently 

eye opens a little. No change in pupil. 

36 days. .Give milk. Nictitating membrane drawn back, and apparently 
pupils become more equal. (At this date pupils often differ only slightly 
in size.) : 

Exp. ITV. 28 days. By this time most of the paralytic symptoms had 
largely disappeared, the ear was cold and pale, though the peripheral 
vein was more prominent than on the opposite side; the nictitating 
membrane was well retracted; the eyelids were only a little less apart | 
than on the opposite side. The right pupil however was still much 
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smaller than the left. On giving the animal milk, the pupils at times, 

but not constantly, became of the same, or nearly the same, size. 

. 33 days. During feeding, the pupils become.nearly equal and the nictitating 
membrane is more out on the sound than on the operated — 35 days. 
Same, but right pupil became larger than left. 

38 days, Vagus cut. After this, no effect was observed during feeding. 

Exp. V. 24 days. No change observed during feeding. 

30 days. Before feeding, ear is on the whole pale and cold, though the 
vessels show a little more than normal; the nictitating membrane 
- projects jth; the right pupil is distinetly smaller than the left. On 
feeding, the nictitating membrane is slowly withdrawn, and were is 
slightly greater pallor of ear. 

32 days. Give milk. Result as — and pupils become equal in size. 

| 34 days. Same result, : 

36 days. Give milk. Result as before and the right eyelids are rather more 
separated than on the left side. 
Exp. VI, 27 days. On taking milk, the arteries of the ear contract slightly, 
there is no other certain effect, though possibly the nictitating membrane 
_- projects a trifle less ; it still remains 4rd out. 

33 days. Apparently slight effect on ear and nictitating membrane. 

40 days. A slight effect was seen in the ear. More or less contraction of the 

arteries of the ear was observed on giving milk on each of the following 
times so that it need not be specially mentioned. 3 

44 days. Nictitating membrane at beginning projected }, at end a trifle 
less, but movement not actually seen. 

48 days. Nictitating membrane slowly drawn back from ird to 4th. Same, 
49 days. 

59 days. Nictitating membrane move from + }th to + }th. Same 62 days. 

64 days. Nictitating membrane drawn back, eyelids at times more apart 

than on normal side. (Nictitating membrane by this time projects very 
little in normal state.) Same, 66 days, At no time was it certain that 
there was a change in the relative size of the pupils during feeding, 
although occasionally, there was not much difference between the size 
of the pupils in the normal state. 


The changes, described above, in the nictitating membrane, the 
arteries of the ear, the iris, and the eyelids, I take to be brought about 
by reflex action; the efferent impulses passing by the vagus to the 
superior cervical ganglion, and so to the several autonomic structures ; 
the afferent impulses it may be supposed pass chiefly by the pharyngeal 
branches of the vagus. 

That the changes are due to nervous impulses is shown by their 
absence during about the first three weeks after the junction of the 
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- vagus with the sympathetic» The impulses could not take the path of 


the cervical sympathetic, for as we have seen, the sympathetic had not 
regenerated ; and the path by: the vagus was certainly open to nervous 
impulses, about the time when the reflex actions occurred, for as we 
have seen electrical stimulation of the vagus produced similar actions 
directly and to a much greater degree. 

It is conceivable that the several structures have some nerve cia 
other than the sympathetic, and that this may acquire in the course of 
three or four weeks after severance of the sympathetic, an action which 
it does not normally possess to any appreciable extent. This possibility 
is I think negatived, by the fact that in Exp. IV. after section of the 
vagus centrally of the point where it had been joined to the sympa- 
thetic (cp. p. 246), feeding the animal no longer caused any change in 
the nictitating membrane and other autonomic structures (cp. p. 262). 

It is also negatived by the absence of the reflex actions when the sym- 
pathetic is cut, and the vagus not joined to it. At present I do not lay 
any great stress on this, as I have only one experiment in which a sufficiently 
long piece of the ieanees was removed to prevent regeneration for any 
length of time. 


4. Lastly, observations were made upon the effect of severing the 
vagus after it had had time to acquire a tonic influence over the sympa- 
thetic structures. Clearly section of the nerve will or will not cause 
an increase in the paralytic symptoms, according as tonic impulses are 
or are not passing down the vagus. Two experiments were made, already 
in part mentioned (p. 246). In Exp. V. the vagus was not entirely 
severed, so that a great effect was not to be expected. What happened 
was that for some hours after the section, the paralytic symptoms were 
nearly as great as those which ordinarily ensue on section of the cervical 
sympathetic. On the following day there was an approximate return 
to the state before the section, except in the case of the vessels of the 
ear, which, though not greatly dilated, were more dilated than before the 
section and remained so for eight days, 7.e. until the animal was killed. 

In the other case, Exp. IV., the vagus was completely cut through. In 
this animal 28 days after the vagus had been joined to the sympathetic 
the vessels of the ear and the nictitating membrane had very nearly 
returned to the normal state, and they remained so for 10 days. Then 
the vagus was cut. The section led to flushing and increased tem- 
perature of the ear, and projection of the nictitating membrane (about 
one-third way over the cornea) lasting with trifling diminution for 
10 days at which date the animal was killed. The other pemyho 
effects were also increased though less obviously. 
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The results here were very aici, ou: they show I think 
decisively that the vagus was exercising a greater or less tonic _ 
action upon those structures upon which the cervical sym- | 
pathetic normally exercises a tonic action. The degree of 
tonus exercised by the vagus was I think clearly not the same on 
the different tissues, it was greater on the arteries of the ear than 
on the nictitating membrane, and greater on the nictitating membrane 
than on the pupil. It is possible that the difference depends chiefly 
upon the relative number of nerve cells in the superior cervical ganglia 
which send their fibres to the several structures and upon the oppor- 
tunities which the vagus fibres have of making connection with them. 

The vagus did not exercise any tonic action on the erector muscles 
of the hairs; nor, so far as the experiments went, upon the secretory — 
cells’ of the salivary glands. These are structures upon which the 
sympathetic in the cat exercises no tonic action. These facts suggest 
that the peripheral nerve cells may be an important factor in 
determining whether the central nervous system exercises a tonic 

influence or no on a given tissue, but there are other possibilities and ~ 
_ the data are too scanty to make it worth while to discuss the question. 


Union oF THE CENTRAL Enp or THE Linayat Nerve with 
THE PERIPHERAL END OF THE CERVICAL SYMPATHETIC. 


The lingual nerve contains vaso-dilator and secretory fibres, which 
it receives from the chorda tympani, and there is no satisfactory 
evidence that it contains any other autonomic nerve fibres, It is, in 
consequence, particularly interesting to know what, if any, connections, 
it is capable of making with the superior cervical ganglion. 

So far I have only made one experiment on the question. In an 
etherized cat, the mylohoid muscle was cut through near the middle 
line, the main branch of the lingual nerve was cut near its entrance 
into the tongue and turned back, the cervical sympathetic was cut 
through a little below the thyroid artery, isolated up to the superior 
cervical ganglion and turned forwards to meet the lingual, A fine 
catgut thread was passed through the cut end of the lingual nerve, 
and through the connective tissue left attached to the cut end of the 
sympathetic, and tied, so that the ends of the nerves were fixed close 
together, and the lingual nerve fibres had an opportunity of growing 
down the cervical sympathetic to the superior cervical ganglion. 

During the first three weeks, the paralytic symptoms took much 
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the same course as that described above (p. 256) as occurring on the 
junction of the vagus with the sympathetic, the chief difference being 
that there was less subsidence of the flushing of the ear. From the 
end of the 3rd to the end of the 10th week, there were some variations 
in the degree of dilation of the arteries of the ear, and still more in the 
degree of projection of the nictitating membrane, and on the whole 
some further recovery. The recovery of the tone of the arteries was — 
however markedly less complete than in the cases in which the vagus 
had been joined to the sympathetic. The pupil showed little if any 
sign of return to the normal size. 


The nictitating membrane recovered rather rapidly during the first three 
weeks, so that after 20 days it projected } to } only over the cornea; it was 
not even after 10 weeks more withdrawn than this; but it not infrequently 
projected 4 to 4. No obvious cause could be found for these variations ; 
possibly they depended upon the general state of alertness of the animal, 
for when the animal moved after resting there was commonly a slight 
retraction of the membrane. The following are some of the variations 


- observed ; 23 days, } to}; a7 days, 5 5 30 days, } to 4; 32 days, 4 ; 34 days, } ; 


37 days, } to}; 39 days, } to}; 49 days,}; 58 days, } to }, and it remained 
much the same from this date up to 70 days. 

Except once the pupil was markedly smaller throughout; on the 26th 
day, though the right pupil was commonly much smaller than the left, the 
difference at times was only moderate. 


Feeding the animal caused no certain effect upon the right 
nictitating membrane or pupil at any time; at times from the 24th day 
onwards, when the animal was given milk, the nictitating membranes 
were equally and slightly projected, but this appeared to be due to a 
slight projection of the membrane on the intact side, and not to a 
retraction of the nictitating membrane on the operated side. . 

Up to the 50th day, no change in the vessels of the ear was observed 
on giving milk. On the 53rd day, the ear appeared to become paler as 
the milk was lapped. From the 59th day to the 71st, the act of taking 
milk caused constantly a contraction of the arteries of the ear on the 
operated side. The rapidity and extent of this varied somewhat; but 
at times the arteries contracted as completely and nearly as rapidly as 
they do in the normal animal when the cervical sympathetic is stimu- 
lated. On taking away the milk, the arteries rapidly returned to a state 
of slight or moderate dilation, to contract again, when milk was again 
given. 

Since in this experiment, the central end of the cervical sympathetic 
was not ligatured it seemed possible that it might in the 10 weeks 
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allowed, have grown upwards to the superior cervical ganglion. Con- 
sequently it was decided to cut the sympathetic again, and to leave 
time for it to degenerate, before proceeding to stimulate the lingual 
nerve. On the 71st day, the cat was given ether, the sympathetic was 
exposed and cut below the point of previous section. Stimulation of 
the peripheral end caused the usual sympathetic effects, though a rather 
_ strong current was required to produce more than a temporary dilation 
of the pupil. A centimetre of the nerve was removed. 

- On the following day, the ear was more flushed than before the 
operation, and there was little diminution of this on the 11th day. 
The nictitating membrane covered at first {rd of the cornea, and on the 
11th day } or rather more. 

The section of the sympathetic made no difference to the change i in 
the condition already described as caused by giving milk to the animal. 
A few seconds after the cat began to lap milk, the arteries of the right 
ear contracted, 

Ten days after the piece of the sympathetic nerve had been removed, 
_ chloroform was given to the animal. Stimulation of the cervical sympa- 
thetic low in the neck produced no effect. There was a rather large 
mass of tissue at the junction of the lingual with the sympathetic. 
The lingual was tied and cut about a centimetre centrally of the mass. 
Stimulation of the lingual with tetanising shocks of moderate intensity 
(felt quite distinctly on the tip of the tongue) caused retraction of the 
nictitating membrane, separation of the eyelids, slight bulging of the 
eye, complete though rather slow contraction of the arteries of the ear ; 
slight secretion from the sub-maxillary gland, and a movement of a few 
hairs in the face area. No certain effect was obtained on the pupil, 
even when the current was increased in strength. The strength of 
current required to produce any effect was distinctly greater than that 
ordinarily required in stimulating autonomic.nerves. The point of the 
lingual nerve stimulated was 4 cm. distant from the superior cervical 
ganglion; and the same effect was obtained before and after isolation of 
the intervening stretch of nerve, 

The portion of the sympathetic between the junction with the lingual 
and the superior cervical ganglion was less excitable than the lingual, 
the same effects were obtained, but a stronger current was required. 

Stimulation of the superior cervical ganglion caused dilation of the 
pupil, moderate movement of hairs in the face area, and the other 
customary effects. 

The histological examination showed that the larger medullated 
fibres of the lingual disappeared in the neurome, but that bundles of 
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nerve fibres containing non-medullated nerves passed from the lingual 
into the cervical sympathetic. In a teased portion of the — 
sympathetic, 125 small medullated fibres were counted. 

The experiment shows that when the lingual is joined to 
the peripheral end of the cervical sympathetic, some. of its 
fibres can become connected with most if not all the cells 
of the superior cervical ganglion. The extent of the connection 
probably depends upon the time allowed. The lingual appeared to 
connect with the ganglion more slowly than did the vagus, but this 
_ may have been due to a greater gap having been left between the ends 
of the lingual and the sympathetic than between the ends of the vagus 
and the sympathetic. 

The fibres of the lingual which made the connection I take it, were 
the vaso-dilator and secretory chorda tympanic fibres’. As with the 
vagus, so with the lingual, the original functions of the nerve fibres have 
no appreciable relation to the functions they take on after union with 
the superior cervical ganglion, The lingual nerve when united with 
the cervical sympathetic caused notwithstanding its secretory fibres 
only a slight secretion from the submaxillary gland. And it seems to 
- me that the evidence strongly favours the view that the vaso- 
dilator fibres of the lingual (chorda tympani).after becoming 
connected with the nerve cells of the superior cervical 


ganglion, became motor fibres for unstriated muscle and in 


especial vaso-constrictor fibres for the arteries of the ear. 
Assuming that no vaso-constrictor nerve fibres run to the ear 


except by the cervical sympathetic (cp. p. 264), the contraction of the 


vessels of the ear observed when the animal was fed may be attributed 
to a reflex from the mouth, the sensory nerves of the tongue serving as 
the efferent channels and the lingual—joined to the sympathetic—as 
the efferent channel. On this view, it is true, a movement of the 
nictitating membrane of the eyelids might have been expected to occur 
simultaneously. It may be, however, that this would have occurred, 
if the animal had been kept alive longer, and that in the experiment 


the connection of the lingual fibres with the vaso-motor nerve cells of — 


the superior cervical ganglion were much more complete than those with 
other nerve cells, and that in consequence, the normal nervous impulses, 
set up reflexly were able to affect the one set, whilst they were unable 
to affect the other set of nerve cells, 


1 I propose to make some further experiments, and to stimulate separately the chorda 
t. 
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Summary or Cuter Resutrs. CoNnc.usions. 


- When the central end of the vagus is joined to the peripheral end 
of the cervical sympathetic, some of the fibres of the vagus make 
functional connection with the cells of the superior cervical ganglion, 
so that stimulation of the vagus, or of its roots in the skull, will 
cause all the effects normally produced by stimulating the cervical 
sympathetic, and local application 1 p.c. nicotine to the ganglion 
temporarily abolishes the effect of stimulation. 


The earliest time at which the vagus was stimulated, after being 


joined to the cervical sympathetic was 38 days; probably the vagus 


begins to make some effective connection with the superior cervical — 


ganglion in about four weeks. 

In the experiments, stimulation of the vagus had a greater effect 
upon the nictitating membrane and on the arteries of the ear, than 
upon the pupil, and a greater effect upon the pupil than upon the 
erector muscles of the hairs of the face area. How far this implies 
selective action on the part of the vagus fibres, the evidence is insuffi- 
cient to show. © 

Some fibres of the vagus must change their function, since there 


are normally no pilo-motor fibres in the vagus, and some are found in ~ 


it, after union with the cervical sympathetic. There is reason to think 
that some of the inhibitory fibres of the heart, become motor fibres 
_ after union with the cervical sympathetic. 

There is evidence that after union of the vagus with the cervical 
sympathetic, afferent impulses passing to the central nervous system, 
can set up impulses which pass by efferent fibres of the vagus, and 
cause retraction of the nictitating membrane, contraction of the vessels 
of the ear and some other effects ordinarily produced by excitation 
of the cervical sympathetic. ; 

The vagus after union with the cervical sympathetic exercises a 
greater or less tonic action on the arteries of the ear, and on the other 
structures normally kept in tone by the cervical sympathetic. It does 
not exercise a tonic action—at any rate in the time allowed in the 
experiments—upon the erector muscles of the hairs, just as the cervical 
sympathetic itself has no tonic action on these muscles in the cat. 
| One experiment was made in which the central end of the chief 
. branch of the lingual nerve was joined to the peripheral end of the 
cervical sympathetic. After 70 days a portion of the central end of 
the sympathetic—which had in part regenerated—was cut out. After 


80 days, from the time of the first operation, the peripheral end of the 
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lingual nerve was stimulated, and caused the ordinary effects produced 
by stimulating the cervical sympathetic, except the dilation of the 
pupil. Probably, then, some of the vaso-dilator fibres of the lingual, 
arising from the chorda tympani, had changed their function and 
become vaso-constrictor nerves. From the 58rd day onwards during 
life, feeding the animal caused contraction of the arteries of the ear ; 
probably by afferent impulses passing along the nerves of the tongue, 
and by efferent impulses passing along the lingual nerve to the © 


‘superior cervical ganglion. 


I propose the term ‘autonomic nervous system, for the sympathetic 
system and the allied nervous system of the cranial and sacral nerves, 
and for the local nervous system of the gut. In the foregoing experi- 


ments, it has been shown that pre-ganglionic fibres of the cranial 


autonomic system can make connection with sympathetic nerve cells, 
and in so doing to change their function. I conclude that there is no 


fundamental difference between the pre-ganglionic fibres of the body, — 
_ whether they belgng to the cranial, the sympathetic or the sacral 


autonomic systems, And that any pre-ganglionic fibre in the body 
is capable of forming functional connection with any nerve cell of 
the sympathetic type wherever found. I conclude, further, that the 
function of anya@utonomic nerve fibre, depends not so much upon its 


inherent properties as upon the nerve cells with which it has an 


opportunity of becoming connected in the process of development. 


_ And I have earlier’ brought forward some facts to show that the 
function of the peripheral nerve cell depends upon the peripheral 


structure in which its axon has an opportunity of ending. So that, 
the physiological differences depend, in the main, upon the anatomical 
connections brought about by morphological laws. 

This point of view does not exclude the possibility of a certain 
degree of inherent difference between certain groups of nerve cells and 


of nerve fibres. I-think, indeed, that some such difference is definitely 


shown by the experiments I have published earlier’ with regard to 
the regeneration of the cervical sympathetic, and is supported by some 
experiments given in this paper. The difference is sufficient to allow 
a preference to be exercised, when a choice is allowed; but not 
sufficient to prevent new connections being made when this is the only | 


course offered. 


1 This Jowrnal, xxu. p, 223,1897. . —® This Journal, op. cit. p. 219. 
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ON THE RELATION OF URIC ACID EXCRETION TO 
DIET. By F. GOWLAND HOPKINS anp W. B. HOPE. 
(Ten Figures in Text.) 


(From the Physiological Laboratories, Guy's Hospital.) 


EXPERIMENTS carried out more than ten years ago by F. Mares’’ 
showed that during the period of increased nitrogen excretion which 
follows an isolated meal, the increase of uric acid has a briefer duration 
than the increase of urea, and occurs, characteristically, in quite the 
earliest hours of the hyper-excretory period. Mares found that while 
the uric acid rises immediately after the meal, attains its maximum at 
about the fifth hour, and sinks again rapidly, the urea increases more 
slowly, is not at its height until about the ninth hour, and makes a slow 
return to the value it had before the meal. 

Mare§& believed that the explanation of this want of parallelism 
was to be found in the fact that, while the urea arises directly from the 
ingesta, the uric acid takes origin from the tissues, and is increased by 
a meal only because of increased or modified cellular activity during 
digestion. By Horbaczewski this view was made more special and 
determinate in the well-known and widely accepted theory which 
_ attributes the increase of uric acid after food to the occurrence of a 
digestive leucocytosis and the consequent increased liberation of 
nucleins within the body. — | 

_ The belief that uric acid has this special origin (off the lines, so 
to speak, of general metabolism) predisposes to the acceptance of 
statements like those of Mares, which ascribe to it a special period 
and rate of excretion, independent of the main nitrogenous excretory 
tide. This is probably why the otherwise striking results obtained by 
this observer have not been submitted to the test of repetition. 

But the theory that a meal increases the output of uric acid 
exclusively through its influence on the leucocytes of the blood stream 
has not remained without challenge. Mare&* himself was an early 
opponent of the view. He held that all Horbaczewski could be said 


' Arch. slave de biol. m1. p. 207. 1887. 2 Monatsh. f. Chemie, x11. p. 101, 1892. 
PH, XXIII. 19 
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to have proved experimentally was that under special circumstances an 
increase of uric acid in the urine runs parallel with an increase of 
leucocytes in the blood. For the theory to hold good, destruction of 
these cells and the liberation of nucleins or precursors of uric acid must 
be proved to go on simultaneously, and that this actually occurs Mares 
held to be a hypothesis only’. — | 

But much more direct evidence against the existence of any 
universal causal relation between digestive leucocytosis and uric acid 
increase is obtained from experiments in which a special dietary is 
used. We shall quote experiments later which show that under some 
circumstances a well-marked digestive leucocytosis may occur after a 
non-nitrogenous meal, which is quite unassociated with any rise of uric 
acid. Many observers have found that after the ingestion of egg-white, 
there is little or no rise of the acid’, while others have shown that the 
digestion of this proteid is associated with marked increase in the 
circulating leucocytes®. 

This subject is dealt with further in a special section of this paper. 
It is sufficient to remark here that such facts as those already detailed 
have led many to look upon the post-prandial increase of uric acid as 
originating directly from the nucleins taken with the meal; and the 
correctness of this view has been held proved by the familiar experi- 
ments which have demonstrated the occurrence of a strikingly large 
increase of the uric acid during the use of thymus-gland as a diet. 
The uric acid is looked upon in this later view as arising immediately 
from the breakdown of the ingested nucleins independently of any 
intermediary leucocytosis. 

But if this be so the observations of Mares become of greater. 
interest ; for it is remarkable that an excretive taking origin from the 
least digestible of the proteid constituents of the diet—upon which 
gastric digestion itself has but a minimal influence,—should appear 
during the earlier, rather than during the later, hours of the post- 
 prandial nitrogen tide. It seemed to us therefore of some importance 
to repeat the experiments of Mares upon a larger number of individuals. 
His results if established would show that the digestion of nucleins in 
the body differs greatly from the process in vitro, or would suggest that 
the breakdown of these phate proteids i is not the whole history of uric 
acid production. 


1 Of. Milroy and Malcolm. This Journal, xx111. p. 218. 1898. 
2 Hessand Schmoll. Arch. f. exp. Path. u. Phar. xxxvit. p. 243. 1896. 
3 Pohl, Ibid, xxv. pp. 31—50, 
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_ Methods used in this research. In estimating uric acid Mares 
used the Salkowski-Ludwig process; his figures are therefore beyond - 
reproach. But his observations were made upon a few individuals 
only, and upon the urine of consecutive three-hourly periods—intervals 
too long to permit of the relative rates of excretion of urea and uric 
acid being accurately followed. In his experiments, moreover, ab- 
normally large meals of proteid were taken. 

In such of our own experiments as were directed to a repetition of the 
work of Mares, we kept the following ends in view:—(1) To employ 
as many individuals as possible, in order that the effects of personal — 
idiosyncrasy might be eliminated. Altogether the sequence of excretion 
was studied in seven persons (adult males). (2) To test the effect of 
a meal fully isolated, and so to avoid any interference from the remains 

of the nitrogenous tide due to previous food ingestion. Mares believed 
_ that the excretion of uric acid remained at a nearly constant level from 
the 13th to the 24th hour of fasting. In our experiments no food was 
taken after dinner at about 7 p.m., until the test meal was taken at 
about 1 p.m. on the following day. (3) To test the effect of meals 
of ordinary mixed diet and of normal dimensions. In general each 
individual took such a meal as was customary to his habits and 
appetite. Except for an effect of the preliminary abstinence the 
conditions of digestion were therefore as normal as possible. The 
food usually consisted of beef-steak, bread and potatoes. The actual 
amount of nitrogen ingested was without importance in this part of 
our enquiry, and was not determined. In later experiments with other 
bearings, the nitrogen was, when necessary, determined by Kjeldahl’s 
method. (4) To make the intervals at which consecutive determina- 
tions were made as short as possible. The urine was collected at hourly 
intervals, generally during the three hours before the meal and up to 
about the tenth hour after it; determinations being made on each 
hourly quantity. No food was taken after the test meal until the 
‘experiment was finished. 

_ The uric acid was determined throughout by the process described 
by one of us, in which it precipitated as acid ammonium urate by 
saturating the urine with ammonium chloride; the acid itself being 
subsequently liberated and titrated with standard permanganate 
solution. Many observers have now compared this method with the 
standard Salkowski-Ludwig process and always with favourable results’. 


ae Cf. Huppert. Analyse des Harns, p. 820, Wiesbaden, 1898. 
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We therefore felt justified in relying upon the method in view of its 
great convenience where a considerable number of estimations have to 
be made in one series. Once saturated with the ammonium salt, the 
urine, if protected from evaporation, may be left almost indefinitely ; no 
decomposition occurs, and nothing beyond the original ammonium urate 
precipitate comes down, so that the completion of the process may be 
carried out at leisure. It is quite possible with this process to obtain 
accurate results from the small quantities of urine necessitated by 
hourly observations. 
The urea excretion was followed for the most part by means of the 
Knop-Hiifner process. In one experiment. the total nitrogen was 
determined from hour to hour by Kjeldahl’s process; and in another 
the series of urea estimations was made by the Mérner-Sjéqvist method. 
But the curves from results so obtained did not differ essentially from 
those given by the figures of the hypobromite process; and the extra 
labour involved yields no advantage in such an enquiry as ours, where 
an efficient measure of the hourly variations in the main nitrogenous 
excretion to contrast with the uric acid output is all that is requisite. 
Exact uniformity of the conditions under which the hypobromite-nitrogen 
was measured was carefully maintained throughout each series. 


I. THE RELATIVE RATES OF EXCRETION OF UREA AND URIC ACID 
AFTER A MEAL. 


The results of our observations upon the effect of isolated meals of 
mixed diet amply bear out the statements of Mare§ as regards the ~ 
proportionately early appearance of uric acid in the post-prandial 
excretory tide. Its increase frequently begins before that of the urea, 
and is at its greatest during the earlier hours of digestion. On the 
other hand it usually falls to its abstinence value some hours before the 
urea tide is exhausted, and in no single experiment have we found its - 

increase to outlast the latter. 

In our experiments the uric acid maximum was generally found at 

_ the 3rd or 4th hour after the meal, that of the urea showing little 
regularity of incidence though generally occurring later’. At times the 
actual maximum of urea may fall early and may then coincide with 

that of the uric acid; but even in such cases the proportionate increase 
4q : 1 Our results seem to show that the regular incidence of maxima in the course of urea 

: excretion after a meal, described by Tschlenoff (Correspondenz-Blatt f. Schweizer Aerzte, 


No, 3, 1896) and by Veraguth (this Journal, xx1. p. 112, 1897), is not to be observed in all 
individuals, 
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of the latter is at this early period (2nd to 5th hour) much greater, so 
that the ratio it bears to the urea is markedly raised; whereas later 
(5th to 10th hour), while the urea is still-maintained above the level of 
the abstinence period, the uric acid falls to its abstinence value or even 
below this. A curve of the uric acid values expressed as fractions of 
_ the urea values (ratio curve) shows therefore, in general, a sharp rise 
soon after the meal, but during the later hours of oe it drops 
below the level found before the meal. 


Exp. I. (F.H. April 24, 1896.) Abstained from 7 p.m. April 23. At 
1 p.m. April 24, took 250 grms, beef (weighed raw) with 100 grms. bread. 


Quantity of Urea Uric acid Ratio 

Hour urine in c.c. in grms. in milligrms. uric acid: urea 
10—11 a.m. 60 0-91 23 1:40 
11—12 48 0°78 25 1:31 
12— lpm 55 0-81 22 1: 37 
55 0-70 30 1: 23 
2—— 3 48 0:88 42 1:21 
3— 4 85 0-91 52 1:18 
54 1-25 40 1:31 
5— 6 58 1:78 44 1:40 
6— 7 60 1°56 38 1:41 
7— 8 49 1-05 29 1: 36 
8— 9 51 1:10 24 1:46 
9—10 45 1°42 24 1:59 
10—11 36 0:98 20 1:49 
11—12 38 0:98 16 1:61 

“Te 


Fig. 1. Curves of Urea and Uric Acid'. Exp. I. 


' In this curve and in those which follow the continuous line represents Uric Acid and - 
the dotted line Urea. The uric acid curve represents its values in milligrammes ; that of 
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Fig. 2. Ratio Curve. Exp, I. (Urie Acid in percentages of the Urea.) | 
In Experiment II. the uric acid shows a sharp rise with a maximum 
atthe 4th hour after the meal. The urea fluctuations are irregular but 
an increase is maintained long after the uric acid has fallen to the 
abstinence value. 


Exp. II. (W.H. Nov..10, 1897.) Abstained from 7 p.m. Nov. 9. At 
1.30 p.m. Nov. 10, took 200 grms. of beef-steak with small quantities of — 


Quantity of an Uric acid 

Hour urine in c.c grms in milligrms. uric acid: urea 
10—11 a.m. 175 1:07 26 1:41 
11—12 118 1°13 27 1: 42 
12— 1 p.m 164 1:07 24 1: 45 
1— 2 0°64 21 1:30 
2— 3 43 1°12 22 1 : 50 
4. 8 53 0°84 40 1: 21 
5— 6 59 1°16 56 
6— 7 56 1-20 39 1: 30 
7— 8 95 1°37 30 1 : 46 
8— 9 183 1°49 33 1 ; 46 
9—]0 155 1°33 1; 55 
10—11 180 1:33 23° 1: 56 
11—12 96 1:37 22. 1: 62 


urea is plotted from empirical figures obtained by dividing the values in milligrammes by 
33°3. Where the curves meet therefore the two excretives are present in what is frequently 
spoken of as the ‘ normal’ ratio. 


The ‘ratio’ curves show the proportion which uric acid bears to urea from hour to 


hour ; they are plotted from the values of the former expressed as percentages of the 


values of the latter, 
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Fig. 3. Urea and Uric Acid Curves. Exp. Il. 


Fig. 4. Ratio Curve. Exp. Il. 


In the following experiment the maxima of both excretives occur 
together at the 4th hour, but the urea shows later rises at the 7th and 
9th hours while the uric acid is then below its abstinence value. From 
the 1st to the 4th hour the uric acid bears a high = to the urea, 
from the 5th to the 10th hour a low one. ) 
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Exp, III. (E.L. May 6, 1896.) Abstained from 7.30 p.m. May 5. At 
i 12.40 p.m. May 6, took meal of beef and bread. At 6 p.m. a little tea was 
Quantity Uric acid 
of urine Urea 
Hour in c.c. Acidity in grms. milligrms. uric acid: urea 
10—llam. 655 15:3 0:96 30 1: 32 
11—12 41 0°77 26 1:29 
| 12— 1pm. . 36 24°5 0:56 28 1: 20 
| 49 260 0:79 42 1:19 
| 52 19°7 1:17 BB 1:21 
| $4 51 28:5 1:39 61 1:23 
| 1-6 76 41-0 1:83 76 1:24 
| 5— 6 52 24°1 1:14 24 1:48 
75 28-0 1:35 27 1:49 
44 34:7 1°57 1:49 
26 20°3 0:79 14 1:56 
| 9—10 37 28-1 1:43 27 1:52 
| 10—11 25 17°5 0-95 14 1: 68 
| 80 rT 
| 
an iL 
br ih 
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Fig. 5. Urea and Uric Acid Curves. Exp. III. 


The next experiment shows much the same results as Experiment I. 
The urea figures were obtained by the Mérner-Sjéqvist process. 
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Exp. IV. @. H. July 23, 1896.) Abstained from 7 p.m. July 22. 
At lp.m. July 23, took 200 grms. lean beef (weighed ri) and 100 grms. 
bread. Total N of meal by Kjeldahl 7-2 grms. : 


Quantity of Urea Uric acid Ratio 
Hour urine in c.c. in grms. in milligrms. uric acid: urea 
11—12 a.m 46 0°81 23 1: 35° 
12— 1 p.m 42 0-79 23 1: 34 
1— 2 27 0°61 22 1:28 
3 59 0-88 40 1: 22 
$—— 4 45 0°89 43 1:21 
4— 5 100 1°40 45 1:31 
5— 6 151 1°62 31 1:52 
77 1:23 27 1: 46 
ee 56 1°21 28 1: 43 
8— 9 80 1°22 24 1:51 
9—10 103 1:21 20 1 : 60 


Lt 


. Urea and Uric Acid Curves. Exp. IV. 
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_ In Experiment V. a meal was taken which in proportion to the > 
habits and body weight of the subject was a heavy one. The increase 

in urea was great and the. proportionate amount of uric acid somewhat 
low throughout, but although the excretion was not followed after the 
8th hour the characteristic precedence of the latter constituent is well 
seen. 


Exe, V. (H.N. April 4, 1897.) Abstained from 8p.m. April 3. Between 
1 and 1.30 p.m. April 4, took 280 grms. cooked lean beef, and 150 grms. 
bread. 100 c.c. of water was drunk during each hour of the experiment. 


Quantity of Urea Urie acid Ratio 
Hour urine in c.c. in grms. in milligrms. uric acid: urea 
10.30—11.30 a.m. 36 1°04 32 1; 32 
11.30—12.30 p.m. 34 0°94 25 1:38 
12.30—1.30 33 108 24 1 : 45 
1.30—2.30 29 116 33 1: 35 
2.30—3.30 | 45 1°61 55 1 :; 39 
3.30—4.30 71 215 70 1:30 
4,30—5.30 89 2°27 63 1 : 36 
5.30—6.30 70 2°42 58 1: 42 
6.30—7.30 103 3°00 60 1 : 50 
7.30—8.30 55 167 32 1 : 52 
8.30—9.30 50 1 : 66 
ot i) 
f 
be 
30 
Tx 


Fig. 8. Urea and Urie Acid Curves. Exp. V. 
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The following experiment is not typical in that the urea is for some 
reason very little affected by the meal and the ratio of uric acid to the 
urea is high throughout. The early rise of the former is however well 
seen, and towards the close of the experiment it is falling while the 
urea tends to rise. The ratio curve shows a marked rise and fall. 


Exp. VI. (S.) Meal of mixed diet taken at 12.30 p.m. after 14 hours’ 


abstinence. 
Quantity Acidity (e.c. Uric acid 
of urine of N/10 alkali Urea 

Hour in 6.c. meutralized) in grms. 
10—llam. 40 216 115 38 
11—12 39 24:2 1°15 44 
12— 1 p.m 25 160 | 0°62 22 
1— 2 35 28°7 0°99 37 
2— 3 38 1°34. 65 
3— 4 40 $63 1:22 68 
4— 17°1 0°55 38 
5— 6 39 28°8 0°94 (58 
6— 7 34 31°9 1°14 49 
7— 8 30 24°0. 0°86. 40 
8— 9 29 261 0°95 32 
9—10 34 30°6 0:96 40 
10—11 27 1°03 31 
11—12 28 32°1 115 | 28 

@ 

] 


Fig. 9. Urea and Uric Acid Curves. Exp. VI. 
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Fig. 10. Ratio Curve. Exp. VI. 
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The two following experiments complete the series. The first shows 


results closely resembling those of Exp. 1, and the second agrees with © 


Exp. VII. (E.F.G. April 14, 1897.) Fasted for 14 hours before taking 
test meal of mixed diet at 1 p.m. 


Ratio 
- uric acid: urea 


ee ee ee ee ee ee ee ee 
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Exp. IIT. 

a Quantity of 

Hour urine in ¢.c. | 
q 10—llam. 75 20 37 

q 11—12 70 22 35 | 
12— 1pm. 49 21 43 

4 1— 2 40 - 34 27 

4 2 § 52 39 23 

f 3— 4 70 54 19 

q 4— 5 65 40 32 

4 5— 6 60 44 43 

q 6— 7 64 39 43 

q 7— 8 61 29 38 J 

9—10 36 25 36 

q 10—11 28 30°2 18 57 
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Exp. VIII. (P. Jan. 19, 1898.) Fasted for 13 hours before taking 
test meal of beef-steak and bread at 1 p.m. 


Quantity of Urea Urie acid in Ratio 


- Hour urine in ¢.c. Acidity in grms. milligrms. uric acid; urea 
10—llam. 48 20°0 0°98 37 
11—12 45 0°77 1; 27 
12— 1 p.m. 38 17°5 0°68 27 1 : 25 
1— 2 46 21-0 0°91 39 1:33 
2— 3 71 28°3 0:98 51 1:19 
3— 4 46 28°1 1°31 62 1:21 
4... § 47 31°0 1°76 64 
5— 6 56 27°4 1:08 27 1:40 
6— 7 75 20°8 1°21 27 1; 45 
i— 8 55 21°1 1°59 32 1: 50 
9 51 18-0 116 22 1: 53 
9—10 38 22°1 1:20 1:50 
10—11 180 0°91 21 1:43 


II. Doks THE RISE OF URIC ACID WHICH FOLLOWS A MEAL REPRESENT 
THE ACCELERATED EXCRETION OF PREFORMED MATERIAL ? 


It. has been assumed that the body normally contains a store of 
retained urates upon which digestion may exercise some indirect 
influence—as, for instance, in its induction of an “alkaline tide.” It 
may be held therefore that the increase of uric acid which appears 
after a meal represents preformed material brought to excretion as a 
secondary effect of the food ingestion. Although this view involves 
pure assumptions it is necessary to refer to it in this place, as, were it 
tenable, it might easily explain the phenomenon under discussion, and 
would of course leave the experiments of the previous section without 
any bearing upon the mode of production of uric acid. The “alkaline 
tide” of Bence Jones and Roberts occurs for instance at a quite early 
' period after a meal, and upon the above view might be responsible for 
the early outflow of uric acid. | 

But very few determinations of the. urinary variants after a meal 
suffice to show that an alkaline tide is by no means an universal 
accompaniment of digestion; and under the conditions of our present 
experiments it appears to be even an exceptional phenomenon. In 
some cases-the urine it is true became alkaline or had its acidity 
diminished during the period of maximum uric acid excretion. Any 


1 Haig, Uric acid and Disease. 
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causal relation obtains between them is abundantly shown by the 

_ figures of Experiments III., VI., VII, and VIII. in the previous — 
section. In these it will be seen that the typical early excretion of 
uri¢ acid occurs, not only in the complete absence of any urinary 
alkaline tide, but with a concurrent increase of acidity. 

Another factor which ought perhaps to be considered—if the 
possibility of any important retention of urates in the normal organism 
be entertained at all—is the conceivable influence upon their excretion 

| which might be exerted by temporary variations in the neutral salts of 
| the blood resulting from food ingestion. 

The very conclusive experiments of Sir Wm Roberts which show 
| that the presence of sodium salts (whether the alkaline carbonate or 
neutral salts of this metal) actually diminish the solubility of sodium | 
biurate in any medium are evidence against the ingestion of salts of 
soda being likely to accelerate the excretion of retained urates. These 
experiments are in accord with a physico-chemical principle since 
enunciated and illustrated experimentally by Nernst, which can be 
shown to be of very general application. Nernst’s generalization is 
to the effect that any two salts susceptible of electrolytic dissociation 
which contain an electric ion in common mutually diminish each 
other's solubility. We might expect a priori therefore that any sodium 
compound capable of electrolytic dissociation would, if present in a 
menstruum, diminish the solubility of sodium urate in that menstruum. 
But the converse of this proposition has been found to hold true—at 
least in certain cases—and salts possessing no electric ion in common 
may mutually increase each other's solubility in a fluid. The possibility 
exists therefore that the ingestion of a mixed dietary may produce such 
a temporary increase in the proportion of salts other than those of 
sodium (especially of potassium salts) as to increase the solubility of 
any retained sodium urates and so to accelerate its excretion. : 

V. Bunge long ago showed the important influence that the 

ingestion of potassium salts can exercise in removing sodium from the 
blood ; and, even if it be true—as the experiments of Roberts and Luff 
seem to show—that an increase of potassium salts in a menstruum such 
as the plasma would not directly assist the solubility of sodium urate, 
the temporary reduction of sodium salts produced by taking potassium 
must by itself tend to do so. Now the salts of a mixed dietary contain 
a larger proportion of potassium than of sodium, and it is not incon- 
ceivable that some effect upon retained urates might arise from the 
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salts of a meal acting on the lines just discussed, in temporarily 
disturbing the balance of sodium salts in the plasma. 

Whatever weight such a priori considerations may be thought to 
carry (and it is not unlikely that they may rise to importance in 
conditions of lithaemia) we may say at once that from our own 
experiments we believe that no such influence of salts is to be observed 
in conditions of normal health, probably because as a matter of fact 
there is so little retained sodium urate present upon which any such 
influence could be exerted. 

The administration of various salts during abstinence, either alone 
or added to test meals of eggs or milk, has failed with us to produce 
any rise of uric acid at all comparable with that seen after meals of 
ordinary mixed dietary. 

That diuresis is in no way responsible for the early excretion of uric 
acid after a meal will be evident on inspecting the protocols of the 
experiments in the first section; the phenomenon occurs regularly in 
spite of great variations in the quantity of urine excreted hour oF hour, 
and is seen in cases where no diuresis follows the meal. 

Some evidence against the early excretion being due to any 
secondary influence whatever of the meal upon preexisting urates is 
found in the fact that if a second meal be taken, equivalent to the first, 
at atime when the uric acid tide of the latter is falling (6th or 7th 
hour of digestion) an equivalent second rise occurs. If the first rise 
had been due to a clearing out of the more available urates accumulated 
during abstinence it is reasonable to suppose that the second would be 
proportionately small. | 


Ill. THE RELATION OF THE POST-PRANDIAL RISE TO 
DIGESTION-LEUCOCYTOSIS. 


We referred in the introductory paragraphs of this paper to certain 
difficulties in the way of accepting Horbaczewski’s hypothesis of the 
exclusive origin of uric acid from the leucocytes of the blood. As 
regards post-prandial phenomena it is clear of course that the leuco- 
cytosis and the uric acid increase must often occur together; but an 
examination of the experimental evidence available will show that 
exceptions to this parallelism are too frequent for a direct causal 
relation to be likely. | 

Even in Horbaczewski’s original work certain anomalies were 
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observed by him, though he held them capable of explanation. Experi- 
mental leucocytosis comparable in degree with digestive leucocytosis was 
found to have very much less effect upon uric acid. Horbaczewski says: 
“One cannot conceal from oneself that at times a certain disproportion 
(between leucocytosis and uric acid excretion) occurs. After taking 
pilocarpin or nuclein a very marked leucocytosis takes place, as after 
the ingestion of large amounts of flesh food. The uric acid increase 
associated with the former is however not very important’, while after 
flesh food it is more lasting and much better marked.” To explain 
this, Horbaczewski suggests that qualitative differences may exist in 
the nature of the leucocytes in the two cases, but he adduces no 
experimental support of this. Again, in studying the effect of other 
drugs he found that antipyrine and antifebrine produced a temporary 
leucocytosis comparable with that due to a meal, but associated with a 
decrease instead of an increase in the urinary uric acid. The ex- 
planation offered in this case is that while pilocarpin produces the 
leucocytosis by increasing the cells, the other drugs bring about the 
effect by a preservation of leucocytes; by a prevention of the normal 
destruction. This might perhaps be tested by a simultaneous study of 
the phosphorus excretion, but we believe no such evidence is to hand. 
To accept Horbaczewski’s theory we have thus to admit certain 
conceptions which are certainly not upon an established experimental 

We have already referred to the evidence from such a dietary as 
egg-white, which, while quite capable of producing a digestive leuco- 
cytosis, has little or no effect upon uric acid excretion. We shall now 
give two experiments of our own made upon diet as free as possible 
from nitrogen. The results of these fully confirm Camerer’s* ob- 
servations in showing that meals of this character depress rather than 
raise the uric acid output, whereas they show a decided effect in increasing 
the circulating leucocytes. 

Even if the increase of circulating leucocytes during digestion could 
be shown to be due always to increased formation of these cells and 
not, as it is at least possible, to. a chemiotatic and merely distributive 


1 Other observers have found that small quantities of pure nuclein may induce a 
leucocytosis without observable effect on the uric acid. Paul Meyer, Deutsch. med. 
Wochenschr. No, 12, 8. 186, 1896; Milroy and Malcolm found with nucleic acid an 
increase so small as to be negligible, falling as it did within the limits of variations 
seen in the control period when normal fixed diet was taken, loc. cit. P 228. 

Ztechr. f. Biol, xxxrm. 8. 186. 1896. 
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influence, such observations as the following show that a digestive 
leucocytosis, equal in degree to what is ordinarily described, may occur 
without any associated rise in uric acid, and seem to us to make it 
unlikely that any essential relation obtains between them. 


Exp. IX. (F.H.) After 14 hours’ abstinence a thick water gruel made 
from 6 ozs. of arrowroot with butter and sugar was taken at 1 p.m. The 
leucocytes were counted at the end of each two-hourly period. 


| Urine Ureain Uric acid 
Hour in ¢.c. grms, in milligrms, Ratio Leucocytes 
11 a.m.—l1 p.m, 102 1°56 | 4] 1:38 7000 
1—3 304 1°48 38 1: 36 6800 
150° 1°12 30 1: 37 10500 
5—7 1°38 28 1; 49 8500 
7—9 156. 1:14 27 1: 42 8000 


Exp. X. (F.H.) After 14 hours’ abstinence took at 1 p.m. 6 ozs. of 
arrowroot in the form of a gruel, with 4 ozs. of filtered butter fat and 4 ozs. 
of cane sugar. 


Urine Urea in Uric acid 


Hour ines. grms. in milligrms. Ratio Leucocytes 
11 a.m.—l1 p.m. 86 1°49 42 1: 35 8500 
1—3 410 1°51 40 1: 38 9500 
3—5 200 1:09 1: 30 10800 
5—7 160 1°25 28 1:45 8500 
7—9 172 1°40 20 1:70 8500 


We feel, doubtless in common with other observers, that the present 
methods of counting leucocytes are very unsatisfactory when only small 
physiological variations are to be studied; but as such measurements 
form the basis of the digestive leucocytosis theory of the origin of uric 
acid it is fair that the above should be considered. The numbers were 
obtained in each case as the mean of several fairly accordant counts, 
the blood being obtained simultaneously from the finger and from the 
lobe of the ear. We do not know whether such meals-as the above are 
in all persons capable of producing a digestive leucocytosis', but the 
fact that in an individual, who after meals of ordinary diet showed a 
well-marked rise of uric acid (Exps. I., IV. &c.), there was, with non- 
nitrogenous diet, no rise at all, in spite of a decided digestive 
leucocytosis, seems strong evidence in favour of referring the excretion 
directly to the diet and not to any intermediary leucocytosis. 


Pohl (loc. cit.) found no leucocytosis after the ingestion of carbohydrates and fats. 
PH. XXIII. 20 
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‘Tv. Is THE POST-PRANDIAL INCREASE DUE SOLELY TO 
_ INGESTED NUCLEINS ? 


The evidence so far discussed seems to us to leave little doubt that 
the uric acid increase which follows a meal represents in the main 
neither the excretion of preformed material nor the result ‘of a special 
breakdown of leucocytes. It rather takes origin direct from the ingesta; 
in at least as strict a sense as the urea can be said to do. We have 
now to discuss the view that of the ingesta the sisiaecuan tl are alone 


responsible for its increase. 


This view is based almost entirely upon observations which have 
shown that while a dietary of eggs or milk scarcely affects the uric acid 


- output, an exceptionally large increase follows the ingestion of thymus 


gland. It has ‘been generally assumed that the sole reason for this 


marked difference is to be found in the absence of true nucleins from 


the former dietary and their exceptional abundance: in the: latter; 
ordinary muscle-diet being intermediate, both in its proportion of 
nucleins and in its effect upon uric acid. 

We shall now give the results of experiments which show the effect 
upon excretion of thymus gland on the one hand and of eggs and milk 
on the other when taken as isolated test meals. The effect of these 
special dietaries upon the excretion of uric acid has been fully studied, 
but not from the standpoint of the experiments detailed in the first 
section. 


Exp. XI. (F. H. ) After 18 hours’ abstinence a lightly cooked calves’ 
thymus gland ——— when raw 250 grms. was taken at 4p.m. 


Urine Urea Uric acid - 
Hour ince - in grms. in milligrms. Ratio 
2—3 p.m. 35 18 1: 45 
40 0°75 17 1:44 
4—5 75 0°90 19 1:47 
5—6 68 1-28 29 1: 44 
6—7 52 1°32 54 1: 24 
7—8 40 1°03 60 1.347 
8—9 34 1°47 37 1 39 


It will be seen that in this experiment there is a rise in the uric 
acid as rapid as after the meals of ordinary diet, a large increase 
occurring in the 3rd and 4th hours of digestion. 

The results of the two experiments which follow are in sont with 
the observations of others which have shown that ee and milk 
have but little effect on the excretion of uric acid. : 
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Exe. After 18 hours’ abstinence, took at 1 p.m, 410 grms. 


egg-white and one pint of milk. 
Urine Urea Uric acid 

Hour ec. in grms. in milligrms, ‘Ratio 
11—12 a.m. 40 0°78 22 1: 36 
12—1 p.m. 41 0-76 22 1: 34 
1—2 115 161 32 1 : 50 
2-—3 235 1:74 38 1; 46 
3—4 73 146 | 25 1: 56 
4—5 90 1°74 25 1: 70 
5—6 92 1°41 21 1 : 67 


Though there is some increase in uric acid in the above experiment 
at the Ist and 2nd hour, it is very small (in spite of much increase in 
the urinary water) compared with that after meat diet of approximately 
equal nitrogenous value. The increase of urea is rapid and the ratio 
(uric acid ; urea) is lowered instead of raised. 


Exe, XIII. (F. H.) After 14 hours’ abstinence, took 480 grms, egg- 
white at 2 p.m. 
Uric acid Urea Uric acid 


Hour in 6.¢. in grms. in milligrms. Ratio 
12—1 p.m. 70 114 

232 1:40 36 
3—4 1-11 32 1; 35 
4—5 40 0°97 24 1; 40 
5—6 272 150 33 1:45 
6—7 34 0°85 19 1; 45 
7—8 67 - 119 8 1: 149 
8—10 0°61 1 1: 40 
(2 hours) | (mean per hr.) (mean per hr.) 

-10—11 16 0:48 8 


In Experiment XIII. as in the previous one, the rise in uric acid is 
very small, though a large diuresis occurred after taking the egg-white. 
During the later hours of this experiment the output of both excretives 
became very low and at the same time some discomfort was experienced. 

A study of excretion after isolated meals shows therefore, no less 
than the whole 24 hours’ metabolism is dealt with, that egg-white has 
at the most a very slight influence upon the output of uric acid, and 
differs markedly in this respect from thymus-diet or ordinary muscle- 
diet. 

But clearly other constituents are found in such an organ as the 
_ thymus (and in muscle) which are lacking from egg-proteid and from 
| 20—2 
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milk; and it is important in the present state of knowledge not to 
neglect the possibility that certain of the more soluble constituents of 
the gland or muscle may act as precursors of uric acid. The pro- 
portionately rapid elimination after a meal, so difficult to reconcile 
with an origin from the indigestible nucleins would be explained if any 
soluble and diffusible constituent of the diet is capable of acting as a 
precursor, either directly, or as a factor in a synthetic process. | 

It should be carefully observed that the view of the importance of 
nucleins is almost entirely based upon the effects of thymus feeding ; 
when pure nucleins have been administered the results have been by 
no means convincing or concordant. 

As stated above Horbaczewski himself found that pure nuclein, 
though in his hands (in one experiment at any rate) it produced a 
definite rise, did not affect the uric acid output in nearly so great a 
proportion as did a rich meal of flesh-diet. Now the proportion of 
nucleo-proteids in muscle is very small. Pekelharing’ obtained 
2 grammes of nucleo-proteid from 543 grammes of dog’s muscle, and 
from 300 grammes of rabbit’s muscle he prepared 0°1552 grammes of 
nuclein. This observer states that he obtained similar values for ox 
muscle, and we may fairly conclude from his results that raw beef, even 
allowing for the blood present, cannot contain more than at most 
0°1 per cent. of nuclein. Now it has been found by Paul Meyer (loc. 


eit.) that pure nuclein taken by the mouth, in the form of capsules 


containing 2 grammes each, produced no effect whatever upon uric acid 
excretion. This result was attributed to the smallness of the quantity © 
taken; but, assuming Pekelharing’s figures to be approximately 
correct, something like two kilos of flesh would have to be taken to 
represent 2 grammes of nuclein. Even if the amount in raw beef were 
considerably in excess of this, it is clear that such quantities (circa 
200 grammes) as were taken in our isolated meal experiments, producing 
a marked increase in uric acid, would contain much smaller quantities 
than 2 grammes of nuclein. 

Other observers have found no rise at all after the ingestion of 
large quantities of nuclein and nucleic acid. Thus Stadthagen? 
gave yeast-nuclein to dogs without effect upon their uric acid, and 
Gumlich? also employing dogs administered large quantities of nucleic 
acid (22 grammes) with absolutely negative results. The dog is not a 


2 Zeit. f. physiol. Chem. xxu, 8. 247. 
2 Virchow’s Archiv, crx. 8. 390. 
3 Zeitsch. f. physiol. Chem. xvii. 8. 508. 
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wholly satisfactory animal on which to test this question owing to its 
very low normal output of uric acid. The excretion is however by no 
means absent from its urine as sometimes stated’, 

It occurred to us that by submitting thymus gland to artificial 
gastric digestion, and by taking as test meals the filtered G¥tracts, we 
might be able to eliminate the nucleins, while obtaining in solution 
other substances possibly capable of acting as uric acid precursors. 

As a matter of fact such pepsin-hydrochloric acid extracts of the 
gland, filtered till perfectly clear, and boiled down to small bulk (after 
neutralizing with sodium carbonate), produce an abundant and rapid 
increase of uric acid. Egg-white digested in like manner as a control 
and similarly treated, produced only the usual minimal rise which 
follows its ingestion under ordinary circumstances. 


Exp. XIV. (W.H.) Four calves’ thymus glands finely cut up were 
digested for 10 hours at 35° with 0-4 per cent. HCl and a very active pepsin 
preparation. The extract was squeezed through calico, and then filtered 
through paper till perfectly clear. Half of the whole preparation was neutra- 
lized with sodium carbonate, concentrated, and taken as a test meal after 
14 hours’ abstinence. 


of: Urine Urea in 


in 6.6. grms. in milligrms. Ratio 
ours ore 
} 80 2-03 43 1:47 
Srd & 4th hrs, 
— 169° 1:18 


Exp. XV. (F.H.) Six glands treated as in XIV. and one-third of the 
extract taken after 14 hours’ abstinence. 


Excretion of: Urine in ¢.c.? Urea Uric acid Ratio 
2 hours before 132 734 34 1:40 
Ist & 2nd after 280 2°66 107 1: 25 
3rd & 4th ,, 445 126 1: 23 
bth & 6th 104 1-76 32 1:55 


2 Of Huppert, Neubauer and Vogel. Analyse des Harns, xth anflage, p. 328. 

2 That the diuresis seen in these experiments could not by itself account for the rise in 
uric acid is negatived by the results in earlier parts of the paper. Compare especially 
Expts. XII. and XIII. 
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' Exe, XVI. (S.N.P.) The pepsin-HOl extract of one gland after 6 hours’ 
digestion was taken after 7 hours’ abstinence. 


Excretion of: Urine in c.c. Urea ‘Uric acid Ratio 

2 hours before 200 1°98 42 1:47 

& 2nd after 260 2°40 98 1:24 

| 3rd & 4th ,, — 290 2°50 96 1: 26 
Sth & 6th ,, 104 1°86 50 1:37 


__. An obvious objection to these otherwise very striking results lies in 


the possibility that some proportion of the nucleo-proteids, or of their 
decomposition products, may go into solution in spite of the action of 
the pepsin-hydrochloric acid. 

Bokay? found that no nuclein was taken up , debi artificial gastric 
digestion, and Popoff? confirmed his results in a careful research upon 
the digestion of thymus tissue. Milroy’ on the other hand found, as 
the result of an experiment on nuclein derived from the gland, that 
appreciable quantities of phosphorus were dissolved in organic com- 
bination by pepsin-hydrochloric acid, though he did not find nuclein 
or nucleic acid in the extract. 

It is somewhat difficult to decide a priori what period of digestion 
would be likely to prove most efficacious in eliminating nuclein 
products. Prolonged extraction with the acid is perhaps more likely 
to dissolve some nucleo-proteid, if the percentage acidity be sufficiently 


- high; on the other hand a longer exposure to the ferment is more 


likely to split off efficiently the insoluble nuclein. 

We believe, however, that the evidence directly obtained by testing 
the pepsin-hydrochloric acid extracts actually employed for the above © 
experiments was sufficient to show that they could have contained no 
more than minute quantities of nucleo-proteid, of oe or of nucleic 
acid. 

In each experiment much larger quantities of runterted were ignated 
than were required for the test meal, and a part of each extract was 
tested as follows: (a) In one portion of the clear solution the acidity 
was reduced to a minimum, and it was then allowed to stand ; afterwards 
the free hydrochloric acid was replaced by free acetic (by the addition 
of a little sodium acetate). In no case did any phosphorus-containing 
precipitate fall. (6) A portion was allowed to stand over for some hours 


at 38°C. with further addition of active pepsin solution. In all cases the 


1 Zeitsch. f. physiol, Chem. 1, 8. 157. : | 
2 Ibid, xvint. 8. 583. Ibid, xxu. 8. 817. 
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extract remained perfectly clear ; no trace of insoluble nuclein appearing. 
When to the same portion a little nucleo-proteid in solution was 
subsequently added a precipitate of nuclein rapidly formed. (c) Pre- 
sumptive evidence against the presence of nuclein or nucleic acid in 
appreciable quantity was obtained from the fact that the filtered peptic 
extracts immediately precipitated these substances when solutions of 
either were added to them in small quantities. Thus a few drops of a 
solution of thymus-nuclein produced. an itnmediate precipitate when 
added to. the clearer digested extract, and a solution of nucleic acid, 

prepared from the gland by Kossel’s method, was wholly precipitated 
‘ when mixed with a clear extract and allowed to stand. (d) A mixture 
made from portions of each of the extracts employed in the above 
experiments was treated as in Kossel’s method for preparing nucleic 
acid from aqueous extracts of the gland. No phosphorus-containing 
product was obtained. «(e) Finally, to a portion of each preparation 

tannic acid was added in excess, and the phosphorus determined in the 
resulting precipitate—a method employed by Popoff. In an amount 
of material equivalent to that taken in Experiment XV, and from the 
same digestion extract, 12 milligrammes of phosphorus were present in 
the precipitate produced by tannic acid. Now it is difficult to wash 
this precipitate thoroughly free from inorganic phosphates, and a 
certain proportion of the organic phosphorus was probably not derived. 
from nucleo-proteids. But, on the basis of Kossel’s determinatio. of 
phosphorus in the nucleic acid of thymus gland, the whole of the 
12 milligrammes would correspond to about 16 milligrammes of allox-— 
urie nitrogen only, and on the very unlikely assumption that the whole 
of this could appear in the urine as uric acid, it would account for but 
48 milligrammes of the latter—a quantity much smaller than the 

increase actually produced in Experiment XV. In other preparations 
even less phosphorus was found. 

Tn conclusion we give the results of an experiment in which nuclein 
and gastric extract from the thymus gland were respectively added to 
the fixed dietary of a control period: The series is but short and 
relates to one individual only; but the figures support the observations 
of those who have found no increase: of uric acid after taking pure 

nuclein was prepared by thorough gastric of 
te eee extracted from fresh glands. 
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Urine 


Date in 6.c. 


Exp. XVII. (F. H.) 


Urea 
24°2 


Uric 


acid 


Diet 


Fixed diet 


uly 25-1115 
» 26 1210 236 540 1:44 237 Fixed diet 


4 27 1010 249 1:31 221 Fixed diet and pepsin- 
HCl extr. of 2 


| glands 
» 29 980 2393 1:37. — 
» 380 1015 242 ‘552 1:44 283 Fixed diet and 10 grms. 
nuclein from thymus 
Aug 2 1100 25 ‘S71 1:44 «+$%}30O1 Fixed diet and 10 grms. 
nuclein from thymus 


» 8 1212 692 1:43 229 Fixed diet 


Uric acid Urea Ratio 


Average of fixed diet excretion 241 . 
» and 10grms. nuclein ‘561 24°6 1:43°3 2°92 
Fixed diet and gastric extract ‘G10. 343. 


There can be no doubt, after consideration of the available experi- 


- mental evidence, that the degree in which uric acid production is 


influenced by diet, depends very directly upon the nature of the ingesta. 
The marked difference found by all observers in the effect of eggs and 
milk on the one hand, and of muscle, or especially of thymus gland, 


_ on the other, together with the absence of any increase after non- 


nitrogenous diet is sufficient proof of this. It is we think equally clear 
that the differences do not depend upon the relative power of different 
dietaries to produce varying degrees of digestion-leucocytosis. At the 
same time we believe thaf the experimental evidence we have brought 
forward should lead to a revision of the prevalent view that the 
difference is due entirely to the varying proportion of eo 
which these dietaries contain. 

Such observations as are described in this paper i not, it is sue, 
negative the possibility that of the total production of uric acid in the 
body some part may be due to the direct breakdown of nucleins—the 
bearing of our experiments is upon that part of the process alone which 
results in a rapid increase after food ingestion. In any study of 
alloxuric excretion the great importance of the central fact that the 
nuclein-conjugates contain the alloxuric group, or a precursor of this, 
within their molecule, cannot of course be overlooked; but we think 
the present tendency to ascribe all uric acid production in the mammal 
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to the breakdown of these special substances is based on too narrow a 
view. It involves at least a belief in a very abrupt breach of continuity 
in the phenomena of comparative physiology, for there is no reason to 
suppose that the metabolic products which leave the tissues of birds 
and mammals differ in any fundamental way. The difference in the 
actual excretive is probably due to quite final hepatic (or renal) 
influences. It seems unreasonable to assume—unless upon very con- 
clusive experimental evidence—that of the uric acid excreted by the 
mammal no part represents the product of similar influences, but is to 
be wholly ascribed to the breakdown of nucleins. 

It is the sole purpose of the present paper to point out that the 
experimental evidence by no means makes for this conclusion, at least 
as regards one portion of the daily excretion. The probable origin of 
the uric acid which is so rapidly excreted — a meal we <i to 
discuss in a future paper. : 


SUMMARY. 


_ Experiments on seven individuals confirm the statement of Mare, 
that during the period of incteased nitrogen excretion which follows a 
meal, the increase of uric acid has a briefer duration than the increase 
of urea, and occurs characteristically in the earlier hours of the hyper- 
excretory period; this fact is difficult to reconcile with the view that 
the uric acid takes origin from the nucleins of the diet, upon which 

the earlier stages of digestion have only a minimal influence. 

«he chief evidence for the view that nucleins play a predominant 
réle as uric acid precursors is based upon the results of thymus-feeding. 
Experiments detailed in the paper show that extracts may be prepared 
from ‘this gland which contain at most traces of nucleins or nucleic acid, 
but which when ingested produces the characteristically large excretion 
of uric acid. 

It is therefore suggested that of the total quantity of uric acid 
normally excreted, that portion which bears a more immediate relation 
to food does not arise from nucleins but from some more soluble 


constituent of the diet acting either as a direct — or as a sa 
ina process. 


j 
ig 
4 
By 
A 
* 
~ 
i 


‘ON A NEW PROTEID REACTION. By J. H. ELLIOTT, : 
George Brown Memorial Scholar, University of Toronto. 
(From the Physiological Laboratory, University of Toronto.) 


IN the course of an investigation on the chemistry of the thyroid I had 
occasion to try Virchow’s iodine-sulphuric acid reaction for amyloid, as 
modified by Macallum™, on the colloid bodies of this organ, and I 
was surprised to find that these gave it after a time varying from 
twenty-four to forty-eight hours. The colloid bodies, isolated from 
calves’ thyroids which had been hardened in alcohol, were placed in the 
iodine solution for from five to ten minutes, or until they assumed a 
deep brown colour, then washéd in water and transferred to a watch- 
glass containing an 8 per cent. sulphuric acid solution. No immediate 
change resulted, but in twenty-four hours the iodine stain disappeared, 
the. bodies became translucent and in a few hours later a-pale blue- 
violet coloration began to appear, which soon changed to deep blue- 
violet. This was followed by the disintegration and sii te tase of 
the bodies while the solution took up the colour. 

This result led me to enquire whether the same reaction might be 
obtained in other organs. I found that the body tissues generally ath 
it in a more or less marked degree. 

The reaction did not occur in any part until the iodine stain had 
disappeared from that part and the tissue had become colourless. In 
some sections the reaction would be seen at the periphery, within this 
would occur a colourless zone, and in the centre of the section an iodine- 
stained area. From these facts I inferred that the iodine was not a 
necessary factor in its production, and in order to test this a number of 
freehand sections of fresh and alcoholic tissues from the various organs 
of the body were covered with the dilute sulphuric acid in watch- 
glasses. Preparations of egg albumin, fibrin, silk, wool and hair were 
also made. In nearly all a colour, varying from a reddish-violet to a 
blue-violet, appeared i in from one to three days. 

After using various strengths of the acid I have found the most 
usetal to be one of twenty volumes in one hundred vomins of water, 
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More dilute solutions do not produce the reaction so rapidly, while 
stronger ones tend to cause charring and disintegration before the 
colour develops. Alcoholic or ethereal solutions of the acid evaporate 
too rapidly and the tissue is destroyed. Sections of thyroid, hardened 
in alcohol, placed in pure sulphuric acid or in a 50 per cent. solution, 
will often show the violet coloration of the colloid bodies in from one 
to two hours, while the gland tissue is brown from charring. Occa- 
sionally* the violet coloration of the colloid 6ccurs in five to ten 
minutes after the addition of the strong acid, but the charring 
introduces such an element of uncertainty that satisfactory results are 
only obtained when the acid is diluted and allowed to concentrate 
slowly by evaporation. 

The reaction is a progressive one. In about eighteen hours a pale 
reddish tinge is noted throughout the tissue which passes through 
reddish-violet to blue or blue-violet in the course of from one to two 
days. The appearance of the reaction is delayed when evaporation is 
prevented, and it is retarded also when the watch-glass and contents 
are placed in a darkened chamber. The best results are obtained by 
exposing where there is a free circulation of air and plenty of light. 

In some tissues such as lung, liver, spleen and kidney, the reaction 
does not seem to go beyond the formation of the reddish colour before 
the digestion of the section ensues. The capsule of the spleen with its 
trabeculse passing into the: organ, assumes a deeper coloration than 
the parenchyma. 

Amyloid shows a marked blue-violet colour in twenty-four bien 

-Macallum” using iodine with an 8 per cent. solution of the acid 
obtained the blue-violet or purple colour in amyloid without fail in 
three or four days. Virchow®*, Kyber®®, Wichmann™ and others 
writing on the iodine-sulphuric acid reaction of amyloid, state that the 
colour may appear either at once or gradually. Kyber mentioned 
especially that in some sections the reaction only enters after two or 
three days. According to Boettcher™, the colour appears at once on 
the addition of the acid, but a finer colour appears in a few days. 

It appears from this that with regard to amyloid two distinct 
reactions have been confused: one, which develops at once, due to the 
action of the acid upon the iodine absorbed by the tissue® or the 
combined action of the iodine and acid upon the tissue, and a second in 
all respects like that described above, appearing in eighteen hours or 
more, due to the action of the acid alone upon the tissue, Preparations 

in which the first reaction develops may be kept in glycerine for 
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months”, whilst the colour of the second reaction in preparations thus 
mounted Medicare 3 in a few days, except in very thick sections. 

The presence of the acid seems a necessary factor in the preser- 
vation of the colour of the reaction. It disappears almost immediately 


when the sections are lifted from the acid and placed in water or 


alcohol, or in solutions of the salts, but appears again when replaced in 
the acid, or if placed in nitric or hydrochloric acid. Formic acid restores 
the colour only in a slight degree, while boric, molybdic, picric, salicylic, 
tartaric, oxalic and acetic acids do not restore it to any extent: and if 
sections in which the colour has been produced be placed in them or 


their solutions the colour will disappear. None of the metallic salts 


seem to fix the colour. Neutralizing the acid destroys the colour of 
any sections which may be in it, or any colouring matter which may be 
in solution. Wool, hair, hoof, silk or sections of tissue which have been 
discolorized by water or alcohol, may be preserved in alcohol for two 
or three weeks and on replacing them in the sulphuric, nitric or 
hydrochloric acids the colour immediately returns. Boiling freshly 
decolorized sections in alcohol for two hours does not affect the return 
of the colour when placed in acid, but decolorized sections which have 
lain in alcohol for a month or more do not show immediate return of 
the colour: usually twenty-four hours are required and then it is rarely 
as brilliant as at first. 

- Owing to the faint stain produced in lung, liver, kidney and spleen, 
and the beautiful blue or violet obtained in amyloid, this sulphuric acid 
reaction may be used to determine the presence of very small quantities 
of amyloid in these organs, the violet contrasting markedly with the 
yellow colour of the surrounding tissue. 

- The reaction is especially brilliant in preparations of the orystalline 
lens, the colloid matter of the thyroid, hoof, finger-nail, hair, wool, silk, 
egg albumin, fibrin and peptone: glue and gelatine do not react. In 
sections of fatty tissue the colour is limited ‘to the connective tissue 
meshwork. Cartilage reacts but faintly. Striated muscle fibre, in 


_ which the reaction has been produced, still shows its fibrillar structure 


under the microscope, but the nuclei no longer stain with hematoxylin. 
Sections of amyloid organs react as before to iodine, but not to gentian 
violet, the blue staining being absent. 3 

Hydrochloric acid (circa 33 per cent. strength) when diluted with 
four volumes of water, gives the same result on proteid matter as does 
the sulphuric acid. Preparations made with hydrochloric acid may be 


filtered, and the blue solution allowed to evaporate completely. The 
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blue residue may be preserved almost indefinitely. If placed in water 
or alcohol its colour disappears, but it will dissolve in strong hydro- 
chloric acid, forming a blue solution which may again be evaporated 
and the residue again collected and preserved. 

Spectroscopic characters. For spectroscopic examination a number 
of preparations were made. Quantities of egg albumin, sections of the 
lens, thyroid and umbilical cord were treated with the dilute sulphuric 


and hydrochloric acids, in evaporating dishes, After some days the — 


material digested and the fluid assumed a reddish-violet colour, 
gradually becoming a deep blue or blue-violet. These preparations all 
showed similar absorption spectra, varying slightly with the density or 
amount of dilution of the colour. There is a broad band visible in the 
yellow and green, and a part of the violet end is cut off, while the 
extent of red visible to the left is increased. The absorption band 
extends from the red side of C to about b, dense solutions showing the 
band to extend beyond b, while with more dilute solutions the band 
reaches only to £. 

_ The wave length of the centre of the band varied from 583 
tillionths in the denser preparations to 591°5 in the more dilute, the 
mean of a number being 585 millionths; the extremities of the band 
possess mean wave lengths of 658 and 512 millionths. The margin of 
the red extends farther to the left, its wave length being 726 millionths, 
while normally in the spectroscope used it has a wave length of 706. 
A part of the violet end is cut off, its wave length at its right extremity 
being 433 millionths, its normal extent having at its extremity a wave 
length of 418 millionths. 

It will be seen that the spectrum differs from that of the colouring 
substance obtained in either Adamkiewicz’, Liebermann’s or 
Pettenkofer’s reaction. From the slow development of the colour, 
it is apparently the result of a partial decomposition of the proteid 
molecule by the acid. : 


SUMMARY. 


Dilute sulphuric acid (twenty volumes in one hundred volumes of 
water) acting upon proteids produces a blue-violet coloration when 
allowed to concentrate slowly. When the proteid matter is digested, 
the colour passes into the fluid. 

The colour disappears from sections of tissue when they are trans- — 
ferred from the acid to water, alcohol or solutions of salts, and is ~ 
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restored at once when again placed in the acid or a strong solution of 
nitric or hydrochloric acid. 
Tissues or sections in which the reaction has been produced may be 
placed in alcohol for three weeks, and the colour again immediately 
restored by placing them in sulphuric, nitric or hydrochloric acid. 
Deposits of amyloid i in any organ may be shown very distinctly by 
treating sections in watch-glasses with the dilute acid. 
The same coloration is readily produced by diluted hydrochloric 
The spectrum of the colour produced in concentrated solutions shows 
a broad band in the yellow and green, from about C to b; part of the 


violet is cut off, while more of the red is visible to the left. 


| In concluding this paper, I must acknowledge the ‘kindness of 
Professor Macallum, under whose direction the research has been 
carried on. My thanks are also due to Professor Ellis, who kindly 


assisted me in the spectroscopic measurements of the reaction. 
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THE RESISTANCE TO THE BLOOD- FLOW. By HARRY } 
CAMPBELL. (Three Figures in Text.) 


Tae tesistance which the blood vessels offer to'the circulation has to be 
—_ from the physical and the physiological point of view. 


VASCULAR PHYSICALLY 
This subject will be discussed under the following heads : 


Capillary resistance, 
Systemic resistance, 
‘Pulmonary resistance, 


The difference in the and resistance physi- 
cally considered. . 


- Capillary resistance. By a capillary I understand a blood vessel 
the walls of which are formed by endothelium only. It is generally 
taught that the capillaries offer very considerable resistance to the 
circulation. This view, I regard as untenable. On the contrary I 
believe that the capillaries normally oppose very little resistance to the 
blood-flow; and for the following reasons’. 

If these vessels offer much resistance there must be a corresponding 
fall of blood-pressure in them—+.e. the pressure at the arterial end of a 
capillary must be considerably greater than at the venous end. Now 
inasmuch as the capillary wall is very delicate and yielding, the effect 
of this difference of pressure would be to distend the proximal much 
more than the distal end, causing the capillary to become funnel- 
shaped. As a matter of fact it is cylindrical, and therefore the internal 
pressure must be much the same throughout its entire length. Such 
equality of pressure along the whole capillary is what we should 
expect: there can be no doubt that the interchange between the 
plasma of the blood and of the tissues is largely influenced by the 
amount of the capillary blood-pressure, and the assumption that the 


? An article by the writer in favour of this view appeared in the Lancet 1894. Vol. 1. 
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pressure in the capillary falls rapidly, carries with it the assumption 
that this interchange differs considerably in different parts of the 
capillary—a most unlikely arrangement. Moreover, such a difference — 
in the amount of pressure borne by the two extremities of the capillary 
would certainly be met by corresponding differences of structure: the 
vessel at the proximal end would be stouter and stronger than at the 
distal end ; yet there is no evidence of this. 

Again, if the resistance in the capillaries is great, how shall we 
account for the rapid emptying of the arteries into the veins upon — 
extreme arterial dilatation?’ This phenomenon is manifestly due to 


the removal of arterial resistance, unless indeed, we assume—and there 


are no grounds for such an assumption—that the capillaries share in 
the vaso-motor dilatation. 

Finally, on the assumption that capillary resistance is great, how 
would it be possible for the blood in the portal vein, flowing as it does 
under a low pressure, to be driven through the capillary network of 
the liver ? 

We are driven therefore to the conclusion that the capillaries do 
not, normally, offer any great resistance to the blood-flow. Let ' us now 
inquire into the physical explanation of the fact. 

The great shortness of the capillary must tend to keep down the 


resistance it offers. Assuming that the blood-pressure falls 200 mm. 
_ Hg in the entire circuit, and that the average length of the various 


systemic arcs is 1 meter, it is evident that for every millimeter of the 
circuit it will fall on an average 9°. =}4 mm. Hg and for every 
half-millimeter (which is, at a high estimate, the average length of a 
capillary) ;, mm. Hg. If, therefore, the blood-pressure fell equally 
along the entire circuit, the fall in the capillaries would be 7; mm. Hg; 
andsestimating the capillary fall as ten times this amount, the be wgoud 
resistance would only be equivalent to a fall of 1 mm. Hg. 

Have we, however, any ground for assuming that the capillary-fall, 
and therefore resistance is-ten times greater than the average fall and 
resistance? The one great factor tending to make capillary resistance 
high is the narrowness of the capillary lumen, but the influence of this 
has been strangely exaggerated by physiologists, notably by Marey. 


1 Rollett asserts that even after the heart has ceased to beat for half-an-hour, or 
longer, the stream in the capillaries still continues (Hermann’s Handb, der Physiologie, 
Iv. p. 317), and this suggests considerable resistance on the part of the capillaries. We 
must remember, however, that not only is the vis a tergo in sh cases very small, but 
that the arterioles still offer considerable resistance. 
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Several factors tend to minimise it. Not only have we to take into 
account the extreme shortness of the capillary tube, but further (a) the 
slowness of the capillary flow, (6) the lowness of the capillary blood- 
pressure. 

(a) The blood in the capillaries flows at an average rate of about 
0°8 mm. per minute. It would be quite impossible with such a slow — 
flow to get much friction, unless we assume a very great adhesiveness 
between the blood and the capillary wall, and there is no evidence that 
any normally exists. | 

(b) Blood-pressure plays an important part in determining re- 
sistance. The greater the one, the greater the other’. With so low a 
blood-pressure as 20—30 mm. Hg? it is unlikely that the friction 
between the blood and the capillary wall is great, unless we —— a 
phenomenal adhesiveness between the two. 

The factors, then, tending to keep capillary resistance low are: the 
shortness of the capillary, the slowness of the blood-flow in it, and the 
low level of its blood-pressure. 

Physiologists in writing on capillary resistance would seem to imply 
that it is in direct proportion to the number of capillaries in the body. 
They continually refer to the enormous multitude of the capillaries, 
and to the great resistance which such a multiplicity of tubes must 
necessarily oppose’. As a matter of fact resistance is less in proportion 


Fig. 1. 
as the capillaries are numerous. In such a scheme of elastic tubes as is 
here represented (Fig. 1) the outflow of fluid through a is diminished 


' The fact that an augmentation in blood-pressure augments resistance is apt to be lost 
sight of. The higher the blood-pressure, the greater is the pressure of the blood-particles 
against one another and against the vessel wall, and the greater therefore the internal and 
peripheral friction—just as the friction between two surfaces moving over one another 
increases with their pressure against one another. 
| * Authorities differ as to the actual amount of capillary blood-pressure. Ite average 
amount is probably less than that given above. 

* Even de Jager, who has so carefully studied the dynamics of the circulation, does _ 
Rot escape this error. He refers to “ the enormous resistance the blood encounters at the - 

end of the arterial system in the numerous and very small capillaries,” (This Journal 
Vol. viz. p. 175). 
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by clamping any of the tubes #; as we multiply these latter the outflow 
tends to increase. If then we suppose a to represent an ultimate 
arteriole, a’ its efferent venule, and @ the capillary system connecting 
the two, we at once see that the more abundant the capillary network 
into which a opens, the greater will be the venous discharge, in other 
words, the more complex the capillary network, the less is 
the resistance. Were the ultimate arteriole connected with its venule 
by one, single, capillary, as Marey* erroneously assumes, the latter 
would oppose considerable resistance, for the flow through it would be 
many times more rapid than through the artery, and the friction per 
unit of vessel traversed by the blood would be so much the greater. 

If, again, we suppose the sectional area of the capillary system 
to equal that of the arteriole, the resistance per unit of vascular circuit 
traversed would be greater in the former than in the latter, for while 
the rate of flow would be the same in each, the bore of the individual 
capillaries would be less, and the less the bore the greater the friction. 
If further we suppose the sectional area of the capillary system to 
increase, so as to become greater than that of the arteriole, a point will 
at length be reached when the diminution in resistance thus brought 
about more than counteracts the increase of resistance due to smallness 
of capillary bore, and the resistance per unit of capillary traversed 
becomes less than that per unit of arteriole traversed. Now seeing 
that the arteriole is very much longer than the capillary, the resistance 
in the former must be much greater than that in the latter. 

Systemic Resistance. The amount of resistance which the blood 


Fig. 2. 
1 La Circulation du Sang, Paris, 1881, pp. 158—159. 


~ 
1 
: 
| 
g 
| 
| 
4 
| 
4 
3 
a 
arteries veins 
| 
fe 
| 
f 
a 
ome 


RESISTANCE TO BLOOD-FLOW. 305 


meets with in different parts of the systemic circuit is indicated by the 
way in which the blood-pressure falls in them. The accompanying 
diagram (Fig. 2) illustrates the fall of pressure. It is moderate in the 
large arteries; very marked in the arterioles; in the capillaries, it is 
probably inconsiderable; while in the entire venous system it is small. 
It will thus be seen that, if we cut the systemic system in two across 
the middle of the capillaries, the resistance in the proximal arterial half 
is very much more than that in the distal venous half. This fact has 
been accepted as a matter of course, but so far as I have been able to 
discover, no physiologist has thought it necessary to offer a full ex- 
planation’; and I therefore propose to make the attempt here. 
Briefly, the chief factors in maintaining arterial resistance at a high © 
level are: 


The comparatively small bore of individual arteries. 

The comparatively narrow bed of the arterial segment, leading to a 
comparatively rapid flow. 

The comparatively small ‘potential’ capacity of the arterial segment, 
which coupled with the great resistance in the arterioles (due to 
smallness of arteriolar lumen and rapidity of arteriolar current) 
enables the blood-pressure in the arterial segment to go up, and 
this segment to be over distended. This high blood-pressure in 

the arterial segment increases the resistance through its entire 
extent, by increasing both internal and external (t.¢. peripheral) 
friction. (See Footnote 1, p. 303.) 


The chief factors in keeping venous resistance low are : 


The comparatively large bore of individual veins. 
The comparatively wide bed of the venous segment, causing a corre- 
spondingly slow current. | 
The comparatively large ‘potential’ capacity of the venous segment, 
which prevents the venous segment from being distended, and 
consequently the venous blood-pressure from being high. The 
venous pressure being low, internal and external friction are kept 
correspondingly low. 
: Probably the greater resistence offered by the arterial half has been tacitly attributed, 
at any rate, in large measure, to the great resistance which is supposed to exist in the 
capillaries. But even if the resistance in the capillaries be great, it does not explain why 


_ the arterial segment offers so much more resistance than the venous ; for it will be seen 


that I have supposed the systemic. system to be divided through the middle of the _ 
capillaries and the capillary resistance to be similarly divided, one half belonging to the 
proximal and the other half to the distal segment. . 

21—2 
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Pulmonary Resistance. The resistance in the several parts of the 
pulmonary segment differs considerably from that of the corresponding 
parts of the ‘systemic segment, as shown by comparing the manner in 
which the blood-pressure falls in the two. It will be observed (see 
Fig. 3) that while in the systemic segment the fall is much greater in 


the proximal than in the distal half, showing that the resistance is 


correspondingly greater, in the pulmonary segment the fall is much the 
same in the two halves of the segment, showing that the resistance in 
each is much more nearly the same. | 


_ Fig. 8. The continuous line represents the fall of blood-pressure in the systemic 
segment ; the dotted line shows its fall in the pulmonary segment. 


The fall is, as a matter of fact, somewhat greater in the arterial half, 
this extra resistance residing in the arterioles; but it is only slightly 
greater, and although the descent is probably somewhat rapid in the 
arterioles, it is on the whole gradual and regular throughout the entire 
segment. The venous pressure, moreover, never sinks below zero, as in 
the case of the systemic segment, the blood entering the left auricle 
under a positive pressure. 

The peculiar disposition of resistance in successive sections of the 
pulmonary segment is explained by the following facts :-— | 

1. The capacity, actual and potential, of the two halves of the 
pulmonary segment being equal, the mean rate of blood-flow is the 
same in each, and this tends to make the resistance in the two the 
same. 

2. The bore of the individual arteries is much the same as that of 
the corresponding veins. This also tends to make the resistance in each 
segment the same. The pulmonary arterioles are, however, smaller 
(during life, at all events) than the corresponding veins, and therefore 
offer a greater resistance. 3 7 

3. The special resistance in the pulmonary arterioles, by raising the 
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blood-pressure behind causes the resistance in the proximal — to 
be so much the greater. 


The Raivo between Systemic and Pulmonary Resistances 
physically considered. 

No physiologist has, so far as I know, satisfactorily explained either 
on physical or physiological grounds, the great excess of systemic over 
_ pulmonary resistance. The first explanation (physical) which suggests 
itself, and, that tacitly assumed by the text-books, has reference to the 
(a) larger size and (6) the greater complexity of the systemic vascular 
area. 

(a) The systemic system is some fourteen times more capacious 
than the pulmonary, and it is assumed that, on this account, it 
necessarily offers the greater resistance. Such an assumption is, how- 
ever, the very reverse of the truth. The relative smallness of the 
pulmonary circuit operates in the direction of increasing resistance in — 
it, seeing that the smaller the “bed,” the more rapid the flow and 
seeing moreover that friction increases with rate of flow. We know 
from clinical experience that the destruction of pulmonary tissue, with 
the resulting shrinkage in vascular area, augments resistance and casts 
extra work on the right heart ; but in order fully to appreciate the fact 
that resistance tends to vary inversely with vascular capacity, let us — 
suppose the pulmonary segment to be made up of the systemic pul- 
monary vessels only—+z.e., the bronchial, and then imagine the enormous 
resistance it would oppose to the right heart, and the enormous force 
that would be required to drive through it, in a given time, the same 
quantity of blood as passes through the systemic segment! Under 
these circumstances the right heart would require to be some scores of 
times more powerful than the left. 

(6) The systemic vascular tree being very much more complex than 
the pulmonary, it is assumed that it must necessarily oppose more 
resistance. There is a great tendency to assume that a system of tubes, 
like the arteries, dividing and subdividing and eventually breaking up 
into an enormous capillary network, connected with a second system of 
tubes which keep uniting into larger and ever larger tubes, like the 
veins, must of necessity offer considerable resistance to the blood-flow. © 
Such is, however, not the case. We have seen that the resistance in a 
system of tubes may be actually diminished by increasing the number 
of subdivisions. And that a highly complex system of tubes does 
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not necessarily oppose great resistance to the fluid circulating in it 
is made manifest by the slight resistance which the liver opposes to 


_ the portal blood, and by the facility with which the blood passes 


from the systemic arteries into the veins directly marked arterial 
dilation occurs. 

We have explained, on physical grounds, why the systemic segment 
offers greater resistance than the pulmonary, and why therefore the left 


heart is stronger than the right. The difference in the resistance 


offered by the two segments is represented by the difference between 


the aortic and pulmonary blood-pressure, which has — variously 


estimated at from 1:5—3:5. | 
1. The vessels constituting the arterial half of the pulmonary 


| segment have a larger bore than the corresponding systemic vessels’. 


This is the great cause of the excess of systemic over pulmonary 
resistance. 

Not only are the aie: arterioles larger than the systemic 
arterioles when each set is completely relaxed, but it is certain that 
their mean lumen during life is larger than that of the systemic 
arterioles, owing to the greater vasomotor activity in the latter case. 

The pulmonary capillaries are smaller in bore than the vast majority 
of systemic capillaries’, but since capillary resistance is slight, this fact 
does not appreciably increase pulmonary resistance. Nevertheless I 
believe that the resistance in the pulmonary capillaries is appreciably 
greater than that in the systemic capillaries, not only on account of the 
smaller bore of the former, but because the blood-flow is more rapid in 
them than in the systemic. 

2. The pulmonary vessels are shorter than the srileniie This 
difference may at first sight appear to be the chief cause of the great 
difference in the resistance in the two circuits. I do not, however, 
believe it to be so, many considerations making it obvious that length 
of circuit need have little influence on resistance: (a) The length of 
the systemic circuit is chiefly determined by the length of the larger 
vessels, such as (on the arterial side) the aorta, the brachials, and 
femorals. Now, while there can be little doubt that long, narrow 


1 This conclusion I arrived at a priori, and have since found substantiated by 
Ewart’s work on the anatomy of the lungs. Ewart refers only to the comparatively 
large bore of the main trunks, bot we smaller vessels 
share in this peculiarity. 

2 It used to be taught that the pulaiénary and that 
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vessels, like the spermatic, offer considerable resistance, such is not 
the case with the large arteries in which the blood-pressure falls very 
gradually. (6) If mere length of circuit played a large part in causing 
resistance, the systemic veins of such animals as the giraffe and the 
whale would offer an unusually great resistance; but they do not. 
(c) Further, on this assumption we should expect to find a greater 
disproportion between the strength of the two sides of the hearts in 
animals which like the giraffe possess a long systemic circuit in 
proportion to their weight than obtains in such an animal as the 
rabbit, for instance, but I am not aware that any such disproportion 
exists. (d) Nothing more conclusively shows the slight influence of 
length of circuit on resistance than the comparatively small difference 
in systemic resistance, as determined by carotid pressure, in animals 
differing greatly in size, thus while the carotid pressure of the horse 
varies from 160 to 200 mm. Hg, that of the sheep, with a much shorter 
circuit, varies between 155 and 210 mm. Hg. 

8. If we take successive transverse sections of each circuit we find 
that the mean ‘bed’ of the pulmonary circuit is much smaller than that | 
of the systemic: hence the mean rate of flow is much greater in 
the former. This tends to make pulmonary resistance greater than 

I have, I repeat, no doubt that the essential cause (physical) of the 
excess of systemic over pulmonary resistance lies as I have already said 
‘in the difference in the mean bore of the vessels constituting the 
proximal half of each circuit. The comparatively large size of these in 
the case of the pulmonary circuit so far reduces resistance as to much 
more than neutralize the influence in augmenting resistance of the 
comparatively narrow pulmonary bed. 


a 
<4 
2 
gr 
Fis! 
‘ 
KK 
- 
« 
‘ 


ON THE ALLEGED SENSORY FUNCTIONS OF THE 
MOTOR CORTEX CEREBRI. By E. A. SCHAFER* 


My experiments upon this subject have consisted in the establish- 
ment of definite lesions, either small or large, in the motor or Rolandic 
region of the cortex cerebri of the monkey, and the subsequent obser- 
vation of any motor or sensory defect which might be manifested. — 
They were originally undertaken to put to the test the truth of 
H. Munk’s assertion that “after total extirpation of the arm- and leg- 
area tactile sensibility of the opposite extremities is permanently lost : 
a touch or light pressure is without any effect: neither tactile reflexes 
nor eye nor head movements are produced. The same is tlfe case if 
the whole of the arm- or the leg-region i is removed in monkeys: tactile 
sensibility is permanently lost in the opposite arm or leg.” The 
conclusion drawn from this by Munk is that “Schiff* was right ‘in 
affirming the existence of sensory disturbances, tactile anssthesias. 
The parietal lobe is therefore the tactile sphere as the temporal is the 
auditory and the occipital the visual sphere.” In a somewhat modified 
manner Munk’s view of the question has been adopted in this 
country by Mott‘, who states that his experiments “support Munk’s 
conclusions that in the ‘motor area’ the sensation of touch and of 
pressure of the corresponding extremities is perceived.” If however 
Mott’s experiments are analysed it will be found that they do not 
by any means afford such support to Munk’s conclusions as their 
author supposed. For firstly the lesion was usually a very extensive ~ 
one and its effect would in such a case not be confined to the part 


1 — before the Congress of Physiologists at Cambridge, England, August, 1898. 

‘‘ Ueber die Fiihlsphaere der Grosshirnrinde”’ 5te Mittheilung, Sitzwngsb. d. k. Akad. 
5 Nov. 1896. 

3 Schiff, who-was the first to definitely adopt the idea that the motor pareses produced 
by lesions of the parietal lobe are only secondary, the primary and essential disturbance 
being a sensory one, eventually saw reason to give up this opinion, stating in the Addendum 
to his collected Papers (published in 1895) that experiments have shown that motor centres 
- must exist in the cerebral cortex. 

* Journ. Physiol. xv. p. 480. 1894. 
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removed, but would produce serious functional disturbance over the 
whole side of the brain (as was shown in fact by the occurrence of 
hemiopia in at least one case) And secondly the chief method 
employed by Mott for testing tactile sensibility was the application 
of -a steel spring clip to the skin (Schiff’s clip test), This method is 
however completely illusory. I have found that an animal which 
will apparently disregard the constant pressure of even a strong clip — 
on the skin of a paralyzed limb will nevertheless instantly take notice 
of a light touch, or of a light stroking with a straw upon the same | 
_ limb. The reason why the clip is not noticed upon the paralyzed limb, 
while it is usually instantly remarked and removed from a sound limb, | 
cannot therefore be connected with loss of tactile sensibility but must 
be connected with the loss of motility. It is in all probability the 
constantly occurring imperceptible muscular twitching in. the sound 
limb which renders the pressure of the clip less uniform and makes 
the animal conscious of its presence’. My experiments, 30 in number, 
have been made (1) upon the area connected with movements of the 
face, (2) upon the area connected with movements of the leg, (3) upon 
the combined area connected with movements of both arm and leg, 
(4) upon the gyrus fornicatus. Those upon the face area were per- 
formed some time ago in conjunction with E. Flood, and have been 
already in part published*, An important point noted in these was that 
although the cheek pouch was paralysed and became filled with food, 
the animal was conscious of its presence, and occasionally emptied it by 
pressing it against the shoulder or by forcing the contents out with 
the hand. Of the others, some of the animals were shown to the 
Neurological Society in June of last year, and were tested by several 
of the members present. All have been repeatedly and carefully 
tested by myself, frequently with the assistance and in the presence 
of other workers in my laboratory. The result has been to show 
that the assertion of H. Munk above quoted is entirely erroneous: that 
in fact complete voluntary motor paralysis of a part may be produced 
by a cortical lesion without perceptible loss of tactile sensibility, It — 
1 In his paper on the results of hemisection of the spinal cord in monkeys (Phil. Trans. 


1892, B.p. 1), Mott found that in animals which were kept sufficiently long for movements 


of the paralyzed side to return, the clip test was also responded to on that side as well 
as on the other. 


2 British Medical Journal, u. p. 189. 1894. 
of which show that a large proportion (66 per cent.) of cases of cortical lesions productive 
of motor paralysis are unaccompanied by any perceptible anwsthesia. And the converse 
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cannot therefore be the case that the motor paralysis which 
is produced by a lesion of the Rolandic area is due to a sensory 
disturbance. And it also follows that tactile sensibility is 
not localized in the same part of the cortex from which 


voluntary motor impulses directly emanate, 


It is quite another question whether the motor cortex directly 
receives any branches from the sensory (afferent) ‘nerve-tracts. That 
it must receive afferent fibres from the several sensory regions of the 
brain, and amongst these from the region concerned with the perception 
of cutaneous and muscular sensations, wherever this may be situated, 
is certain. The secondary effects upon the nerve-cells from which 
they emanate which result from section of these fibres in removing 
the motor cortex may explain some of the cases in man in which 
motor paralyses are accompanied by sensory disturbances. Similarly 
the “tingling” sensation which has occasionally been remarked when ~ 
in man the motor cortex has been stimulated? may be referred to these 
connections, unless this is due to a vaso-constrictor effect. It must 
also be borne in mind that the paralysis which is produced by lesions 
of the motor cortex is frequently accompanied by an cedematous con- 
dition of the paralysed limb, due probably to the loss of muscular 
activity ; this would alone in many cases serve to account for a certain 
deficiency in sensibility to touch and pressure. There are in fact 
many ways in which slight local deficiencies in tactile sensibility may be 
indirectly produced without the assumption that the motor cortex is 
also sensory, whereas even a single well observed case in which the 
lesion of the motor cortex is unaccompanied by any local sensory dis- 
turbance will serve to show that this cortex is not also the centre for 
the perception of sensory impulses and must entirely disprove the 
doctrine that the motor paralysis is produced by a sensory disturbance. 

Hemianesthesia sometimes results from an extensive lesion of the 
motor cortex ; this is however not local but general, and is due to the — 
vascular and mechanical disturbance produced upon the whole side of 
the brain by the establishment of the lesion. That this is the case is 
shown by the fact that it is generally accompanied by hemiopia. 


is well known to occur: cases of hemianmsthesia involving every form of cutaneous and 
muscular sensibility without voluntary paralysis. These cases are generally functional 
—the so-called hysterical anwsthesia—but are sometimes due to lesions of the posterior 
part of the internal capsule. Charcot et Pitres, Centres moteurs corticaux chez 
Vhomme, Paris, 1895. | 

1 W. B. Ransom, Brain, vol. xv. 1892, p. 440: Dana, Medical Record, 1893, 
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This I have found in three cases: Mott? has noted it in one case 
(but it does not appear whether it was tested for in the others): and 
Ferrier and Turner’ found it in three cases of extensive destruction — 
of the Rolandic area and in one case of removal of the frontal lobe. 
In none of these instances was the visual cortical area directly involved . 
in the lesion. In view of this mode of production of hemianzsthesia — 
it has occurred to me that the hemianzsthesia which was obtained 
by Ferrier and Yeo* on destruction of the hippocampus major and 
hippocampal gyrus, and by Horsley and myself* on destruction of the 
gyrus fornicatus may not really have been due to the localized lesion, 
but to the general disturbance in the whole half of the brain which 
was liable to be produced in lifting it up or drawing it aside to get 
at the parts which have to be removed. That such a disturbance was 
produced in our experiments is illustrated by the fact that.in these 
lesions, which were supposed to be confined to the gyrus fornicatus, the — 
investigation of the spinal cord by my late assistant Mr E. P. France’ 
showed that there was a considerable amount of degeneration along | 
the whole of the heteronymous, and a certain amount in the homonym- 
ous lateral pyramidal tract, thus indicating that the drawing aside 
of the hemisphere had implicated the Rolandic area from which the 
fibres of the pyramidal tract take origin. 

In order the better to be able to test this point I have made five 
experiments in the following manner. Having exposed the upper 
Rolandic region in a monkey, the leg-area in the gyrus marginalis is 
completely severed by a cut passing as nearly as could be determined 
as far down as the calloso-marginal sulcus, and at any rate deep enough 
to sever all the fibres passing from the cortex to the centrum ovale. In 
some instances the severed part was removed entirely; in others it was 
left im situ, its vascular connections being as far as possible preserved. 
In no case did this lesion produce anything more than quite a temporary 
sensory disturbance, not to be detected after a day or two; and even this 
was exceptional. The opposite leg was always completely paralysed 
and gave no sign of voluntary motion, although after a time “associated 
movements” returned. The animal would at once look round if the 
foot were touched ever so lightly with a straw, although it would 


>» 1 loc. cit. 2 Phil. Trans, Vol. 190, 3. 1898, pp. 35, 36. 

3 Ferrier, Phil. Trans. Part u. 1875: Ferrier and Yeo, Phil. Trans. Part u. 1884, 

4 Phil. Trans, 8, 1888. 

5 Phil. Trans. 8, 1889. We did not notice whether there was any hemiopia, —< 
from subsequent experience I should infer that it was probably present. 
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usually not remove a clip. The knee-jerk was generally exaggerated on 
the paralysed side and the limb swollen and cedematous and warmer at 
first to the feel, but these differences gradually passed off. After a 
variable period a second operation was performed upon the same region. 
In this the cut was extended more deeply so as to sever as much as 
possible of the gyrus fornicatus; which was in some cases removed, in 
others left in situ but with its coronal fibres cut. In every case no 
perceptible effect wis produced by this second operation. The amount 
of actual severance of the fibres of the gyrus fornicatus varied, but in 
two it was considerable; and since in none of these cases could any 
anesthetic effect of such severance be detected it must be admitted 
that the result so far as it goes militates against the view that the 
gyrus fornicatus is especially the centre for tactile sensibility. I say so 
far as it goes because the experiments are only at present few in number 
and the destruction of the gyrus fornicatus was in no single case 
complete. The result is also fatal to the view which has been taken of 
the experiments of Horsley and myself on the gyrus fornicatus by 
H. Munk, and apparently accepted by Mott, that the anesthesia which 
we found was due to injury of the adjacent motor region. For in 
the experiments here described the adjacent motor region 
was not only injured but actually removed, without the pro- 
duction of any anaesthesia, although the lower limb was 
completely paralyzed, whereas in the experiments with Horsley, 
the lower limb showed either very slight paralysis or none at all 


(although post mortem investigation indicated that some of the 


pyramidal fibres were degenerated) but nevertheless there was marked 
hemianesthesia. ‘The latter must therefore have been correlated 
with disturbance of some part of the cortex other than the motor 
region, and was probably indicative of a general disturbance of the 


whole hemisphere, perhaps even involving the thalamus’. 


1 The complete severance of the area connected with movements of the lower limb was 
always tested before killing the animal by faradic stimulation of the cortex. In none of 
the five cases could any movements whatever be obtained under these circumstances in 
the paralyzed lower limb, even although the stimulus employed was sufficient to produce 
epileptoid contractions in all the remaining parts of the same side of the body. 
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THE RELATION OF THE DEGREE OF ACIDITY OF 
THE URINE AND THE PERCENTAGE OF URIC _ 
ACID THEREIN CONTAINED TO THE PRECIPI- 
TATION OF THE LATTER IN THE FORM OF 
-URIC ACID GRAVEL. By WILLIAM J. SMITH 
JEROME, MB. (Lond.), Lecturer in. Medical Pharmacology and 
Materia Medica. 


(From the Pharmacological Department, Oaford.) 


In the September number of this Journal for 1897 I gave an account 
of an experiment on myself extending over several months; and it was 
mentioned that between August and December, 1896, which I will call 
period (A), the urine deposited uric acid regularly, while in period 
(B)—March and April, 1897—it did not. It is generally, if not 
universally admitted, that the acidity of the urine and the percentage _ 
of uric acid in it, are factors which influence the deposit of uric acid. 
_ The object of the present paper is to consider how far these factors are 
sufficient to explain the precipitation of uric acid in period (A) just 
mentioned. 

~The urine of 24 hours was decanted from the uric acid sediment 
which had formed; this was dissolved in water and a measured quantity 
of decinormal NaOH solution, with the aid of heat; the solution was 
added to the urine, which had first been heated on the water-bath to 
50° C. to dissolve suspended uric acid, the whole was then diluted and 
afterwards cooled to 10° C., the volume being made up to 2500c.c. in 
period (A). In (B) the urine was heated and cooled in the same 
manner, to make the conditions of the experiment alike in the two 
cases, the dilution being to 3000c.c. The acidity was estimated by 
decinormal solutions and phenolphthalein, This, though not the most 
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accurate method, and unfit for ascertaining the absolute, is available for 


the determination of the relative, degree of acidity when the differences 


are as great as they were in the present instance. It was chosen 
because it can be done quickly, other work connected with the experi- 


ment leaving little time for this part. For the uric acid estimation the 


Ludwig-Salkowsky method was used. The reader is referred to the 
paper just mentioned for details respecting quantity of urine, output of 
uric acid, diet, ete. 


TABLE 


rating to (A) in which of rie acid 


_ In this Table determinations of acidity were made on most but not on all 
days of the week. The daily average given for each week is of course 
calculated for the number of days on which determinations were made. 


Daily average. Daily average. 
Total acidity Percentage of 
for 24hrsin acidity in ¢.c. 


Date of of deci- of deci- 
determination normal solution normal solution 
Aug. 2 to 7 incl. 567'9 27-1 
Aug. 9, 11, 12, 14 613-2 30°6 
Aug. 16, 17, 19, 20, 21 584°5 
Aug. 23 to 27 incl. 491-0 30°3 
Aug. 31, Sept. 1 to 5 incl. 417-9 28°6 
Sept. 7 to 11 incl. 4160 
Sept. 14, 15, 16 512°5 30°1 
11 to 17 incl. -§04-1 25°8 
Oct. 19, 20, 22, 23, 24 493°5 28°4 
Oct. 26, 27, 29, 30, 31 480°0 (25°8 
Nov. 1 to 7 incl. | 494-2 24°4 
Nov. 8, 11, 12, 14 520-0 25°4 
Nov. 15 to 21 26°0 
Nov. 22; 25 to 28 incl. 555°5 28-0 
Nov. 29 to Dec. 4 incl. 6312 26°6 
Dec. 6, 8, 10 540°8 27°0 
Dec. 14, 15 572-5 26°4 
Dec. 20 to 23 incl. 525°6 25°3 
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TABLE 2 


relating ported (B) whlch Shere sous na deposition of uric acid, 
except while thymus was being taken. 


Total Percentage Totalacidity 
for 24 hrs, of acidity for 24hrs, in _ of acidi 
c.c. of ine.c.of | c.¢. of in 6.¢. 0 
decinormal decinormal  decinormal decinormal 
Date solution solution Date solution solution 
1897 Normal period. | 3 
603-0 93-4 April 13 554-0 
468-0 17:3 679-0 25:8 
” 31 470-0 19-4 ” 15 632-0 
April 1 522°5 245 | Total (3 days) 1865-0 
552-0 21 | Daily mean 621°6 
Total (6 days) 3138-0 
Daily mean 523°0 22°0 
255 
April 3 585-0 498-0 
630-0 27°7 » - 27-0 
Total (2 days) 1215°0 534°0 22°4 
Daily mean 607°5 26°2 Total (4 days) 2109-0 : 
Asparagus period. Daily mean 527°2 23°3 
April 7 5640 21°9 
8 501-0. 19-9 
1980 nuclein-period. — 
Total (3 days) 1488-0 
Daily mean 496-0 20-1 
y 474-0 23-0 
Asparagus after-period. » 23 
April 10 573:0 21-2 Total (4 days) 1914-0 
501:0 21-2 Daily mean 478°5 21-2 
504‘0 21°3 | 
Total (3 days) 1578-0 
Daily mean 526-0 21°2 


The above figures show plainly that the percentage of acidity was 
distinctly greater in period (A) than in period (B). 
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Highest daily amounts °/,. 


(A) (B) 

| Aug. 21 48:8 March 28 28-0 

14 
378 
Highest averages of the short periods. 

(B) 

Aug. 16 to 21 32:9°), April 3 to 4 262°), 
3 30-6 , 16 to 19 23-3 
» Wem - 908 March 28 to April 2 22-0 
‘Sept. 14 to 16 April 20 to 23 21-2 
Daily mean of the whole period (A) ... __ ... 

\ Daily mean of period ®) exclusive of time when thymus 


It is perhaps worth while i in connection with this subject to compare 
the degree of acidity with the amount of uric acid deposited in a given 
time from urine passed at different periods of the 24 hours, even 
though the observations relate to different days, and those not —s 


I ing to either od or (B). 
TABLE 3. 
Total acidity acidity in 
in ¢.¢, of c.c, of 
i Quantity of decinormal decinormal 
Date Time urine solution solution 
| 1897 
Jan, 5 8 a.m.—10 a.m. 313 » 235 71 
10 a.m.—1 p.m. 223 61:1 27°3 
1 p.m.—4 p.m. 186 105-0 «B64 
4 p.m.—6.30 p.m. 159. 
6.30 p.m.—10.30 pm. 1101 
| Jan. 5-6 10.30p.m—lam. 275 69:3 
1 a,m.—5.30 a.m. 422 
| 6.30am—8am. 173 49-1] 28°3 


The averages for three other days (Jan. 1, 2, 4) were 
Total Percentage of 
acidity 


8 a.m.—10 a.m. 28°9 . 99 
10 a.m.—l1 p.m. 59°8 
1 p.m.—4 p.m. 84°7 45-1 
4 p.m.—6.30 p.m. 44°9 
6.30 p.m.—10.30 p.m. 132:3 50°5 


10.30 p.m.—8 a.m. 204-7 24°3 
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TABLE 4. 
Total Quantity allowed for Quantity 
of urine put aside of uric uric acid 


Date Time 6.6. acid deposited 
1897 | 
Jan. 6 8 a.m.—10 a.m. 314 125 48 nil 
1l0am—lpm 200 do do 00332 
ee 1 p.m.—4 p.m. 185 do 49 0-0478 
p.m.—6.30 p.m. 159 do 48 0-0487 
» 6.30 p.m.—10.30 p.m. 249 do 60 00360 
Jan. 6-7 10.30p.m.—12.30a.m. 186 do 57 00187 
> 12.30 am.—5.30am. 491 do 54 0-0040 
5.30 a.m.—8 a.m. 138 do 49 00264 


Temp. varied during experiment from 11°5°C. to 14°C. 


The general parallelism between the lines corresponding to rise and 
fall in the degree of acidity and in the amount of uric acid deposited is 
too striking to be wholly accidental. Tables 1 and 2 prove that the 
deposition of uric acid is not incompatible, as might be expected, with 
a high degree of acidity; they suggest somewhat forcibly that it is 
favoured by the acidity; but they do not show that this is the sole 
cause of the precipitation; indeed they contain evidence which, sup- 
ported by other facts, indicates _ the contrary is the case. Thus (1) 
there occur: 


Period (A) with deposit of : Period (B) without deposit of 
| of P of 

Nov. 20, 1896 March 28, 1897 28-0 

Dec. 6 21-6 April 4 27:7 

Aug. 25. 22°1 27°0 

31 22° 6 ” 25 


(2) The percentage of acidity given in the wining tables is that 
of the undiluted urine, but this after having been treated in the manner 
described and diluted, in period (A), to 2500 c.c., more often than not 
again deposited uric acid, and this sometimes so quickly that the fil- 
tration, measuring, etc., necessary for the several parts of the experiment 
had to be done as hurriedly as possible. On certain days 250c.c, of 
such diluted urine were put aside for 48 hours, and the uric acid 
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deposited after boing washed, first with dilute HCl, and then with 
water, was dried at 110°C. and weighed, with the following results : 


Percen 
of Temp. 
Nov. 25, 1896 0:0227 C. 
0814... 298 14-5° C.—14:9° C, 
Dec. 1 00027 18-2 
00025 205 .. 15° C.—16-5°0. 


(3) On Nov. 18 250cc. of the diluted urine were mixed with 
2°75 c.c. decinormal NaOH solution and 7:25 .c. distilled water, bringing . 
the total acidity to 50c.c. decinormal, the acidity %/, to 19°2c.c., and 
the volume to 260c.c. 

On Nov. 19 0°75 ..c. decinormal HCl were added to 250 c.c, diluted 
urine, and then enough distilled water to make the volume 260 cc. 
while the total acidity was 50c.c., and the percentage of eis 19-2, 
as on the previous day. 

On Nov. 20 250... diluted urine were mixed with 10... distilled 
water. Each specimen was put aside for 48 hours, and the precipitated 
uric acid was then sellecten and weighed. 


Uric acid 
Percentage sediment 
of acidity grms. Temp. 
Nov. 18, 1896 0-0006 14° C,—16° C. 
19-2 0°0238 14°5° O.—16° C. 
14°6 00174 15° C.—16° C. 


Though the urine was left 48 hours in order to make the differences 
in the amount of the deposit on the several days as marked as possible, . 
the precipitation began generally within 24 hours, being eg. fairly 
abundant on Nov. 19 and 20 when the urine was examined after 7 and 
24 hours respectively. 

I pass to the consideration of the influence of the percentage of uric 
acid on the deposition of this in the urine. 

In period (B) the only days on which uric acid was deposited were 
those on which thymus formed part of the diet, the sediment on April 
13 and 14 being abundant, and consisting on April 15 of a few crystals 
only. During this time the uric acid output had risen from the daily 
mean of the normal period, viz. ‘8010, to that of 1°5455, while on April 
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14 the amount excreted was 20235. Weintrand' had previously 


found the uric acid increased by the taking of thymus, and his patient’s 


urine also deposited uric acid on standing; it seemed probable, there- 
fore, that, even in the healthy, the taking of a sufficient quantity of 
nuclein in the food would cause the urine to precipitate some of its 
urie acid. To test this, I induced A. B,, who was apparently quite 
healthy, and whose urine had no tendency to give a uric acid sediment, 
to take calf’s thymus twice daily, with the result that an abundant 
urinary deposit was caused, consisting of a mixture of uric acid and 
_urates, the former appearing first and preponderating. The sediment, 
after having been separated by filtration through a small filter, was 
dissolved in dilute NaOH, and the uric acid precipitated from this 
solution, while warm, by HCl. The filtrate was diluted to 3000 c.c. 


showing the amount of wric acid got from the wrinary sediment 
caused by eating calf’s thymus. 
of ak in ¢.c. in ¢.c. 
urinein _— diluted Total § ofdeci- _of deci- Total | in 
Date  Mhrs. to nitrogen. normal normal  uricacid, uric 24 hrs. 
8000 grms. solution solution grms. acid grms. 
June 23 2302 450 19°5 0°4570 0°0198 nil 
3080 1010 19°9 11°8 0°5605 0°0184 ve 
1382 10038 53 170 12°3 02840 0°0205 
97 1992 1007 101 165 £82 05490 0-:0275 nil 
28 2117 1010 9°5 330 15°5 0°7590 0°0358 
29+ 1875 1004 116 410 21°8 1°0260  0°0547 _ slight, not 
30 1409 — 14°4 520 36°9 1:1868 0°0841 0°8043 
July 1180 1003 11°8 490 41°5 0°7262 0°0615 0°3302 
3 1750 1009 161 465 26°0 09170 00-0524 slight 
; 1280 1001 8°0 165 12°8 0°3910 0°0305 nil 


* These two days must be taken the tate on the 
+ Urine passed between 3 p.m. and 7 pan . on this day was lost. 
and 5.30 p.m. on this day was lost. 


The increase in the degree of acidity and the enlarged percentage of 
uric acid were probably the chief, and possibly the sole, factors in 
determining the precipitation of uric acid in this case ; and on June 29, 
if not also on July 3, the latter only of these causes could have been 
operative. | I pass, therefore, to enquire what part a high percentage of 
uric acid played during the periods (A) and (B). 


1 Berl. klin. Woch., xxx. 1895, p. 405. 
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From data in the paper already mentioned’ are | 


‘i in normal part of (B) 


Mean percentage of uric acid for the whole of (B) exclusive of 


time when thymus was being taken 


Highest percentage in (A) (August 23) 
in (B) exclusive of thymus period 1) 


There occur further: 
(A) with deposit. 
» 9 0022 = ,, 


» 6 0024 
Dee. 6 0:025 


March 28 0-037 
April 9 0039 


(B) without deposit. 
April 12 0-036 °/, uric acid 


0°034 
0-033 


0-030 
0°056 


0°039 


It must be said, therefore, of the pereentage of uric acid, as of that 


of the acidity, that although higher in (A) than in (B), it could not 
singly, and at all times, have caused the deposition of uric acid which 
occurred, however much it may have helped this process. 


It remains to consider the influence of the coexistence of a high 


(A) Diluted urine, 


in ¢.¢. 0 Percentage of uric acid 

Date . decino os in 
1896 solution uric acid 48 hours 
Nov. 25 21°9 0°024 0°0227 
22-6 0-030 0-0214 
Dec. 1 18:2 0-029 00027 
20°5 0-028 0°0025 
Nov. 18 19-2 0-029 0:0006 
19 19:2 0-024 0-0238 
» 20 146 0-026 00174 


1 This Journal, xxm. p. 146. 1897. 


degree of acidity with a high percentage of uric acid. There are of 
course for urine in general conceivable combinations of degrees of 
acidity with percentages of uric acid, which would inevitably, and per 
se, cause some of the uric acid to fall in the free state, within 24 hours, 
but there is no evidence that such a combination was always present 
in period (A); on the contrary the reverse is the case. 
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(A). (with deposit) | (B) (without deposit) 
urine undiluted urine 

1896 acidity uric acid — 1897 acidity aris acid 

Aug. 25 22°1 0-029 April 4 27°7 0:035 
» vl 22°6 0-028 25:5 0:036 
22:9 0-026 March 28 28-0 0:037 

21°6 0:025 24°5 0:039 


The fact that the deposition of uric acid is sometimes, in part at 
least, attributable to some other factor or factors than the degree of 
acidity and the percentage of uric acid in the urine was shown still 
more strikingly on Jan, 23, when 244 c.c. having been passed at 10 a.M., 
100 c.c. were put aside, and nearly 4 of the total uric acid was deposited 
within .24 hours, though there was not only an exceptionally low degree 
of acidity, but also a percentage of uric acid rather more than 4 less 
than that which was several times met with without precipitation in 


“ly of | Quantity of 
Quantity 8 sane aa 
. gr. ; in 
1897 6.6. (undiluted) nitrogen solution grms. grms. 
| Jan. 23 444 1010 418 0:0178 0:0082 


I have no complete list of the percentage of uric acid in urine 
passed at different periods of the 24 hours, but the following isolated 
facts are not without interest when taken in connection with tables 
3 and 4, 


Urine Percen tity of 

1897 collected of uric acid 
Jan. 23 00178 444 
10 a.m.—l1 p.m. 00422 227 
Feb. 4 10 a.m.—l p.m. 0-0585 150 
Jan. 21 1 p.m,—4 p.m. 00427 184 
ae | 4 p.m. 0-0506 165 
Feb, 2 1 p.m.—4 p.m. 0°0667 127 
1 p.m.—4 p.m. 0°0668 171 
Jan. 13 4 p.m.—6.30 p.m. 00618 168 
4 p.m.—6.30 p.m. 0-0608 133 
ame 4 p.m.—6.30 p.m. 00586 134 
» 24 3 p.m.—10 p.m. 0°0476 — 436 


It is to be noted that, though the percentage of acidity was higher 
in (A) than in (B),.and doubtless contributed to the deposition of uric 
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acid which occurred during the former period, this high percentage was 
not due to an increased excretion of acid, but to the smaller amount of 
water present in the urine during (A); the mean quantity of acid 
passed daily at this time being 513°3 cc. against 520 c.c. (or inclusive of 
thymus-period 532'2 c.c.) in (B). During the time, however, that a 
pint of champagne was taken daily instead of whiskey and soda at 
dinner (August 9 to 23 inclusive) the mean daily acidity rose to 5903 
c.c., and the percentage to 32°5 c.c., these for the rest of (A) being 503°4 


and 26°7 c.c. 


SUMMARY. 


1. The urine may be made to deposit uric acid, in healthy persons, 
through the ingestion of a sufficient quantity of food rich in nuclein. 

2. Some urines, after an ordinary diet, have an abnormal tendency — 
to the precipitation of uric acid. ~ 

3. This tendency is not always due either to the presence of a 
high degree of acidity, or to a high percentage of the uric acid of the 
urine, or to the coexistence of these two conditions, however much 
such conditions may favour the precipitation. 
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THE ELECTRICAL RESPONSE TO STIMULATION 
OF MUSCLE. PART II’. THE MONOPHASIC AND 
DIPHASIC VARIATION OF THE SARTORIUS. By 

J. BURDON ee Plate IV. (Eleven Figures in 
Text.) | 


INTRODUCTION. 


IN 1886 Prof. Hermann set forth a “ Theory of the Capillary Electro- 
meter” according to which, in any capillary, the rate of polarisation 
of the meniscus when acted on by a current is proportional to the 
current strength. This was in his recent paper (1896)? expressed 


by the equation 


in which E represented the ail E.M.F. p the polarisation of the 
meniscus, and consequently =f the current strength, h being a 


constant expressing the rate a polarisation of the instrument. 
He further substituted y for p, to denote the displacement of 
the meniscus produced by the current; it being assumed that 
this displacement could be taken as proportional to the polarisa- 


tion. The equation thus took the form Y =r(E-y) in. which y 
is proportional to the distance to which the meniscus has at any 
moment moved from its initial position, and r represents , i.e. the 


ratio which, with reference to the particular instrument used and to 
the resistance of the circuit, connects rate of displacement with the 
acting E.M.F., consequently EZ represents the difference of potential at 
the: beginning of the period of action and y the distance to which the 
meniscus has moved from the position which it then occupied. If a 


Part I. See this Journal, p. 117, 1895. 
* Phliiger’s Archiv, vol. 38, p. 158, and vol, 63, p. 440. 
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certain current comes into existence at any moment in the circuit 


of the electrometer, the rate of movement is at first proportional to its 
E.M.F., but at all subsequent moments proportional to # —y, 1.e. to the 
difference between the cause, and the effect which it may have up to 
that moment produced: so that as y increases E — y must, if the ~— 
last long enough, vanish. 

In a short paper which I published a few months ago? I showed 
that the study of this relation can be much facilitated (1) by expressing 
E and y numerically in terms of the same unit, and (2) by setting forth 
the successive values of —y graphically. 

With this view the most convenient unit is 1 millimetre of the 
electrometer scale, 7.¢. of a vertical scale divided into millimetres on to 
which the inverted image of the mercury column is projected. The 
value of this scale, ¢.e. of each millimetre in Difference of Potential, is 
determined with the aid of the Compensator or Potentiometer. A 
known E.M.F. is allowed to act on the electrometer, and the distance 
which is covered by the resulting movement of the meniscus is 


measured. If for example the scale were placed at such a distance 


from the projecting apparatus that 1 centimetre corresponded to 

tha Volt, each millimetre of the scale would correspond to 1 millivolt. 
The column of the electrometer which has been used in the 

experimental results set forth in this paper, moves (under the con- 


ditions which prevail in its experimental use) about 7. in the time 


occupied by a complete vibration of a fork of which the frequency 
is 500 per second. In other words if under the influence of a given 


difference of potential the meniscus would eventually move 40 milli- 
’ metres, it would during the first ,4, of a second move 1 millimetre. 


If therefore we take 0°002 sec. as our time-unit, and consider the 
relation between the rate of movement of the meniscus and of 


the flow of time (3) , to be represented by the distance the meniscus 


rises or falls in that period, the fraction J, approximately represents r. 
For our purposes the relation may be more conveniently stated by say- 
ing that r (© —y) is at any moment proportional to the tangent 
of the angle of inclination of the photographic curve’. 


1 Centralblatt f. Physiol, 1898. 


2 The & here employed is E as expressed in millimetres of the Electrometer Scale and ~ 
therefore in the same terms as y. si i areunbrareaincneste and p are expressed 
in terms of that unit, 
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The reader will see that the relation stated above can be applied . 
either for deducing the nature of the effect from the mode of action of 
the cause, or from the effect, that of the cause which produces it. In 
my former paper I adopted the latter course, availing myself of the 
elaborate method of measurement devised by Mr Burch, who analysed 
my curves, using the apparatus for the purpose of which I gave a 
description in his own words. Having been deprived by circumstances 
of Mr Burch’s kind help, I found that his method although excellent, 
was too laborious; and when two years ago I resumed my work, I was 
led to consider whether the curves of the monophasic or diphasic 
_ variation which follows a single instantaneous stimulation could not 
be dealt with in a different way. It had already been shown by 
the rheotome observations of Hermann and Bernstein that both 
the increase and diminution of the difference of potential between 
any spot on the surface of a muscle over which the wave of excita- 
tion is passing, and any part which is outside of its influence, takes 
place gradually, and that the rise is much more abrupt than the 
decline; and Hermann had expressed in a curve’ what he had learned 
by tachygraphic observations to regard as the form of the monophasic 
variation. Substituting for simplicity’s sake, straight lines for curved 
ones, I arrived at the simpler form shown in Fig. 1, ABC. 

This having been accepted provisionally as the type-form of the 
variation as observed in a muscle with leading-off contacts on its 
natural and cross surfaces, and the displacement of the column when > 
acted upon by any difference of potential, having been ascertained for 
my electrometer, I had the data for drawing the curve 8, the form of 
which is such that during each unit of time the tangent of the angle of 
inclination is proportional to the distance of the electrometer curve 
from the line ABC. The reader will see what are the leading features 
of the curve; its steepest part is where it is cut by a vertical line let 
fall from B; beyond this point it continues to ascend, but its inclina- 
tion gradually diminishes until it is cut by the straight line BC, at 
which point it culminates; between the summit and a point vertically 
above that at which BC joins the base line, it descends very slowly, 
beyond that point it follows the curve of depolarisation—in the present 
instance, a curve of which any two ordinates succeeding each other at 
a distance of a division of the fork-tracing is less than it by about J, of 
its length. 

1 The curve is given in Hermann’s Paper already referred to, and in the new edition 

of the Lehrbuch. | 
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The assumption that ABC represents the curve of difference of 
potential during the normal monophasic variation must be understood 


_ Fig. 1, Diagram to show what would be 
the form of the electrometer curves of the 
monophasic (8) and diphasic variation (a) if 
the curves of difference of potential at the 
proximal and distal contacts were truly 
represented by ABC, and DEF. 

The relation between the broken line GHI 
and ABC, DEF is such that if in any vertical 
line from a point in ABC to any point in 
DEF, the part above the zero-line is deducted 
from the part below, the difference is the 
distance between GHI and the zero-line. 

If at any point, 8 rises in one division 
of the zero-line the same distance, then the — 
vertical distance between a and ABC is 40 
times as much. Thus at the time a, it rises 
about 0°9 millimetres in 1 millimetre measured 
horizontally : the height of ABC is 36 divi- 

sions above it, and so on. 

At the time ), if the variation is diphasic, 
the electrometer begins to be acted on by two 
electromotive forces of opposite signs which 
at c balance each other. At and after d 
the distal u.m.¥, has the advantage by an 
amount which is expressed by the distance 
between cd anda. During the period de the 

column slowly falls, following a logarithmic 
curve. From d to ¢ it falls more and-more 
slowly, reaching the lowest point at f. It 


_to be merely provisional. We shall see immediately that the line of 
descent BC is not rectilinear but concave upwards. The assumption is 
however sufficiently near the truth to be used for the purpose of 
considering what would be the result. of the decline of a wave of 
excitation, if its decline were either hastened or prolonged, or the ascent 
more abrupt than is represented in the Diagram. 

Fig. 2 is intended to show what 8 would become, if the decline 
instead of being about 3 times as slow as the rise, had a longer or 
shorter duration. The differences between 8 and f’ or B” can be 
easily seized upon. The beginnings of the curves are of course the 
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same, but beyond the vertical line let fall from B they diverge; 
#* culminates sooner but at a lower level, 8” later and higher. 


‘Fig. 2. 


The effect of greater steepness of the line of ascent can be readily — 
understood without the aid of a diagram. If the increase of difference 
were so abrupt as to be represented by a vertical line, the deduced 
curve would be convex. instead of concave at its outset. If its ascent 
were gradual, but steep at first, then much less so, the curve would be 
intermediate in character: it would differ little from the form assumed — 
to be normal, but would attain a greater height. What has preceded 
relates to the monophasic variation only. The diagram shows how the 
same data can be used to explain the excitatory response in an uninjured 
muscle. In such a muscle, of which the two leading-off electrodes 
are applied to two points of the natural surface at different distances 
from the seat of excitation, an electrometer is acted upon during the 
greater part of the duration of the electrical change by two excitatory 
processes at the same time. For although the wave of excitation 
arrives at the contact nearest the starting point sooner than at the 
more remote (distal) contact, both surfaces are for a time under its 
influence. The time-relation between these two changes is represented 
in Fig. 1 by the relative positions of the lines ABC and DEF, it being 
assumed that EF like BC, is rectilinear, and that in the instance under 
consideration, the second process (that at the distal electrode) begins 
about 6 time-units after the first. As the two processes affect opposite 
terminals, they counteract or neutralize each other. To express this 
counteraction, the broken line GHJ has been drawn, each ordinate of 
which expresses the value of © + or — at the moment to which 

it relates. By adding or subtracting the ordinate which represents y, 
we have the inclination of the curve a at the same moment. It will 
be noticed that during the period between H and J, the broken line 

after rapidly descending, becomes for a time horizontal, indicating that 
during the period to which this distance relates the value of € is 
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constant. The diminution of the acting difference of potential (© + y) 
_ during this period depends entirely on y. 

The course of the electrometer curve as deduced from that of the 
acting Difference of Potential is indicated by the line a. Up to the 
moment corresponding to the parting of the broken line from the 
continuous one, the electrometer curve follows the same course as 
before. It then diverges from that course, following the line a in 
order to culminate at the point at which it is cut by GHJ. From 
that moment it sinks with an inclination which gradually diminishes, 
following a curve of which the equidistant ordinates are proportional 
(curve of depolarisation). 


II. METHODS. 


In the following pages I propose first to discuss the method of 
preparing the sartorius muscle and of employing it for the investigation 
of the electrical response to stimulation, then to deal with the experi- 
mental data with a view to the determination of the normal forms of 
the monophasic and diphasic variations respectively, and finally to 
consider the modifications to which these forms are subject under 
various conditions. 

The Sartorius Preparation :—The preparation consists of the muscle 
and its two attachments to the iliac symphysis, and to the tibia-fibula 


_ Fig. 3. Section of chamber containing curarised sartorius in plane of oscillation of . 
bell-crank writing lever. c, sides and floor of chamber of which front and back are of 
glass; p., support of paraffined cork to which pelvis is fixed; a, axle of lever of which 
radius= 7, of length of upright arm; n.n., nuts by which the height of the axle can be 
adjusted; d and p indicate positions of distal and proximal electrodes respectively, x of 
muscle is not shown. 
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or rather to the fascia covering it. It is best to cut through 
the root of the ala of the iliac bone so as to preserve the acetabu- 
lum. The preparation is fixed to a cork soaked in hard paraffin, 
by a pin which perforates the acetabulum. The tibial stump is 
attached by a thread to the ascending arm of the bell-crank myographic 
writer shown in fig. 3. The muscle itself and the leading-off and 
exciting electrodes are in a moist chamber of which the temperature 
can be varied at will. The weight (usually 300 grms.) is hung on the 
axle, of which the half-diameter is 3, of the length of the ascending 
arm. The lever is not supported, consequently the muscle is extended 
as if by a weight of 15 gms., so that its actual length exceeds its 
“natural” length by nearly a quarter. It therefore contracts under 
isotonic conditions. The chamber is supported in such a way that its 
height can be varied and that the contractions of the muscle may, if 
desirable, be recorded. The cover of the chamber, the area of which is 
about 5 inches square, consists of a copper tray which can be filled 
either with fragments of ice or with water at any temperature. Its 
side is perforated for the thread by which the muscle is connected with 
the writing lever. The leading-off electrodes are of the kind described 
and figured in my paper in the Phil. Trans. (Part L, 1882). 

The electrometer and the apparatus for obtaining photographic 
records of its excursions were fully described in my previous paper. I 
have only to add that the wires from the electrometer terminals are led 
to the binding screws of a du Bois key fixed on a working table in an 
adjoining room. This key has two other pairs of binding screws, of 
which one is connected with the leading-off electrodes, the other when 
requisite with the compensator. For direct excitation two needles are 
used, which are in contact with the opposite surfaces of the sartorius. 
The induction coil is graduated: the strength required with one 
Daniell in circuit is about 3000 on Kronecker’s scale. 

In my earlier experiments the gastrocnemius was employed. The 
rapidity with which this muscle can be prepared seemed to make it 
suitable for a preliminary enquiry. It was, however, a mistake to yield 
_ to this consideration. The arrangement of the fibres of the gastroc- 
nemius, and particularly the way in which they are inserted into the 
tendinous expansion on its dorsal surface, render it unfit for any 
investigation of elementary electromotive phenomena. The suitable- 
ness of the curarised sartorius has been recognised ever since Bernstein 
used it in his first experiments with the differential rheotome. Its 
fibres being parallel, the leading-off electrodes can be so applied that — 
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the lines which connect the surfaces of contact nearly coincide with 
their direction. For the same reason, in a muscle of which the end has 
been devitalised, one electrode can be applied to the clean cross-cut 
surface of demarcation, the other to the uninjured longitudinal surface 
of the same fibres. The drawback to the use of the sartorius is that it 
is extremely liable to injury. It is not very easy to prepare it without 
— inflicting such damage as to impair its physiological endowments. In 
overcoming this difficulty I have been materially aided by experiments 
made two years ago by Miss F. Buchanan with a view to another 
enquiry as to the survival of muscles “kept” in physiological salt- 
solution. The result of these trials showed that the sartorius can be 
kept for hours and even days in a state very suitable for the investiga- 
tion of its mechanical and its electromotive properties. It contracts 
vigorously, and its surface is equi-potential. The electrical response to 
excitation is normal, with the exception that the velocity of propagation 
of the wave of excitation is reduced by 4 third or more, and its duration 
is correspondingly protracted. 

If it is desired to employ direct excitation, the muscle can be 
readily curarised by using salt-solution which contains about one in 
ten thousand of curare, It can be subsequently decurarised by re- 
placing it for an hour in a similar solution without this addition. 

In the present investigation curarised sartorius preparations pre- 
served in 0°6 °/, salt solution have been largely used. It may be said 
that such a preparation is even further from being in a normal condition 
than a fresh muscle prepared in the ordinary way. There is, however, 
little force in this objection. We are right in selecting that mode of 
preparation which enables us to control those conditions most effectually, 
and to carry out our experiments with most exactitude. So long as the 
phenomena of the excitatory process present themselves in their natural 
order and relations to each other, there.is no reason why we should not 
avail ourselves of the advantages which are afforded us by the — 
constancy of these phenomena in kept muscles. 


For most, but not all, of our experiments with kept muscles the physio- 
logical salt-solution (containing 0°6°/, of chloride of sodium) used was made 
up with tap-water (i.e. with Thames water which, after boiling; contains 
about 5 grains in a gallon (0°07°/,) of calcium carbonate), not with distilled 
water. In such a solution the sartorius muscle when carefully prepared 
almost always remains perfectly quiescent until it is excited, and responds to 
a single excitation in a perfectly normal.manner. Only in spring-frogs, and 
_ in them rarely, do the muscles show any signs of fibrillary twitchings when 
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placed in the solution, or of irregular contraction in response to stimulation. 
A muscle placed in salt-solution made up with distilled water, if it is carefully 
prepared, also as a rule shows no sign of fibrillary twitchings, If however 
it has been injured (bruised or cut) in preparing it, it is more apt to go into 
such twitchings in saline made with distilled water than in that made with 
tap-water, and it is especially with the muscles of spring-frogs, but also 


with those of summer-frogs when the temperature is about 20°C. that this 


occurs. On exciting a muscle which has been kept in distilled water saline 
with a strong break induction shock, in warm weather (16—20°C.) it is 
very apt to go into contracture, whereas one kept in tap-water saline very 
seldom does so. So long as winter-frogs are used at a temperature of from 
10—14°C., it makes little, if any, difference as regards the muscle itself 
whether the saline be made up with distilled water or with tap-water. But 
to indirect excitation a muscle responds for a longer time when it, with its 
nerve, is kept in tap-water saline than in distilled water saline. It would 
appear therefore that a small quantity of calcium is conducive to the preserva- 
tion of the normal properties of nerve, and of muscle under certain conditions, 


The introduction of a new mode of observation involves the 
necessity of comparing the data obtained under the new conditions 
with those which present themselves in their absence. Our investiga- 
tions have accordingly not been limited to “kept” muscles. Those 
relating to fresh preparations have been more than sufficient to show 
that the most important difference between the two states is the one 
which has been already referred to, namely, that the wave of excitation — 
is more slowly propagated and of greater duration. So far as the 
electrical response is concerned, the effect of survival seems to be rather 
to increase the intensity of the excitatory change than to diminish it. 


Method of investigating the Photographic records of the Monophasic 
and Diphasic. Variations. It has been shown in the introduction’ that 
the forms of electrometer curves which can be deduced in accordance 
with theory from the data yielded by rheotome observations, as to the 


1 At this point it may be of advantage to state in what sense certain terms necessarily — 
employed in the following pages are used :—By the term ‘ variation ’ I mean exclusively the 
diminution or increase of the previously existing difference of potential between the 
leading-off contacts consequent on an instantaneous stimulation. By ‘curve of variation’ 
is meant not the photographic curve but the deduced curve by which the variation as 
_ above defined is expressed. The term ‘Einzelschwankung’ which in my previous paper was 
used in order to bring my results into line with those of German physiologists may now be 
dispensed with. The terms ‘monophasic variation’ and ‘diphasic variation’ take its place. 
The misleading term “ negative variation ” must of course be discarded. 


¥ 
. 
we 
wy 
a 
ay 
1g 
aa 
ey 
Ae 
~ 
q 


J. B. SANDERSON. 


character of the monophasic and diphasic variations, strikingly resemble 


_ the actual photographic records with with which they correspond. But 


it must be understood that this resemblance is not identity. As 


has been already mentioned incidentally, the curve of decline of the” 


monophasic variation is not rectilinear but concave upwards. This 
means that the rate of decline diminishes towards the end, and that 
consequently the photographic curve culminates at a later period than 
it would do, if its form were in accordance with ABC in fig.1. We 
shall find, as we proceed, that the application of the same method to the 
curve of the monophasic variation as deduced from photographic 
records, not only gives the key to the understanding of the general 
character of the variation in the uninjured muscle, but enables us to 
explain all the modifications which it presents under different experi- 
mental conditions, | 

It will be remembered that the photographic surface on which the 
image of the mercurial column of the electrometer is projected and 
photographed, is that of a disk, the distance of the image from the 
axis of the disk being about 50 centimetres. The curves recorded 
photographically must therefore be referred to polar ordinates. The 
circumstance that thése are convergent does not interfere either with 
the exact measurement of the length of each ordinate, or of the inclina- 
tion of the curve at the point at which the ordinate meets it. The 


mode of accomplishing these measurements is as follows:—Each 


photograph exhibits a circular reference line at a distance of 50°2 
centimetres from the axis, and within this the photographic record of 
the vibrations of a fork, of which the frequency is 500 per sec., is 
recorded. The distance of the starting point of the variation, from 
the reference line is next measured. From this distance, the distance 
along each ordinate from the reference line to the point at which 
that ordinate meets the photographic curve is deduced’, 

The series of differences so obtained are tabulated (see Table 1). 
A curve may be drawn on squared paper (each millimetre of which 
measured horizontally corresponds to z55 sec.) the vertical ordinates 
of which are proportional to the tabulated differences. We have 
thus a curve with rectilinear coordinates to work on, which represents 
the actual photographic curve. | 

The next proceeding is to measure the tangent of the angle of 
inclination of the curve at the point at which it is intersected by each 


} See explanation of Plate. 
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ordinate. It may be remembered that in the analyses of curves in my 
former Paper (p. 133), a second set of measurements relating to the 
inclination of the curve at each thousandth of a second was given. — 
These were made with the aid of a very admirable instrument contrived _ 
by Mr Burch. For physiological purposes the direct measure- 
ment of slope may be dispensed with. The two data for each of 
the equal periods into which the process is divided by the ordinates, 
viz. (1) the mean height of the two limiting ordinates, and (2) the 
inclination of the line joining their tops, are both known from the one 
set of measurements. 

The photographio record of the monophasic variation and the curve 
of difference of potential deduced therefrom. The form of the photo- 
graphic electrometer curve of the monophasic variation differs from the 
hypothetical curve in Fig. 1, 8, to which it bears so much resemblance, 
in two particulars, viz. (1) its later culmination, and (2) its more rapid 
subsidence. The former of these differences can be easily recognised, 
but the latter in general can scarcely be distinguished until the 
curve has been reduced to rectangular co-ordinates. 

The curve represented in Fig. 4, is that of a muscle which has been 
preserved in salt-solution for 24 hours, and is at a temperature of 
14°C. It had been previously cooled to 6°C. Comparing the curve with 
8 in Fig. 1, we see that in the hypothetical case the mercury column 
ceases to be acted on by any external force at the moment OC, and 
consequently descends in a curve-of which the equidistant ordinates 
are proportionals; but in the actual curve they diminish more rapidly 
and consequently the deduced curve of difference of potential does not — 
as we might expect, approach the zero line asymptotically, but sinks 
below it. Our observations show that this is the ordinary form of the 
monophasic curve, 1.¢. that there is a period which follows the monophasic 
variation during which the previous difference of potential 1 is increased. 
This fact will be recurred to further on. 

The normal relation between the monophasic and diphasic variation 
in the sartorius, is shown in the diagram (Fig. 4). The curve p is 
obtained in the manner above described, é.e. by transferring the photo- 
graphic curve of the monophasic variation to rectangular coordinates. 


' Tt is assumed that it represents truly that curve, both as regards its 


inclination and the lengths of the corresponding ordinates. The curve 
_ ph-is deduced from p, on the hypothesis that if we multiply the 


tangent of the angle of inclination at any point in p by the constant = 


PH. XXIII. | 23 
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we shall have in millimetres of the electrometer scale the difference of 
potential which that inclination implies. Thus, for example, at 0°05, 
02 and 0°3 sec. respectively, the tangents are roughly one, a half, 
and a quarter. 

The position of the curve d’ depends on the assumption that the 
wave of excitation arrives at the distal electrode 0015 sec. after arriving 
at the proximal. It represents the change which then takes place at 
the distal electrode, just as the curve p’ represents the change at the 
proximal. The sign of. its ordinates have (it need scarcely be said) 
the opposite sign to that of the ordinates of p’. 

The ordinates of the curve s’ are obtained by adding algebraically 
the ordinates of p’ to the corresponding ordinates of d’. Its course is 
that of p’ up to the moment at which the change represented by d’ 
begins—t.e. until the arrival of the wave of excitation at the distal 
electrode. Like the corresponding curve in Fig. 1, it descends abruptly ; 
but differs from it in this respect, that it reaches a relatively lower 
point. The reason why it does so is that as compared with the line BC 
in Fig. 1, the descent of p is very abrupt, so that at the moment that 
the wave of excitation culminates at the distal electrode, the ‘nega- 
tivity’ (s.v.v.) of the proximal contact has much diminished. eo 

The fourth curve (s) is obtained by a method which may be com- 
pared to dead-reckoning in navigation. It is the curve of the electro- 
meter as it would be if the difference of potential at the proximal 
and distal contacts respectively were truly represented by s’. The 
starting point of this curve is known. It is the point at which the 
meniscus has arrived at the moment that the wave reaches the distal 
contact. In the present case this happens (by hypothesis) 0°015 sec. 
after the beginning of the variation. Starting from this point a curve . 
is drawn, of which the tangents of inclination are throughout proportional 
to the distance from s’ of the curve at the point arrived at. In this way the 
course of the curve can be traced almost correctly. Having been drawn, 
it can be verified and if necessary corrected by measuring the tangents" 


of inclination in the way already described. If, when multiplied by =, 


they coincide with the corresponding ordinates of s’, you have the 

certainty that the result is correct. The curve may therefore be called 

the corrected conjectural curve of the diphasic variation. To illus- 

trate this I have given in line 6 of the Table the ordinates of the 

deduced curve, They are seen to agree fairly with those of s'; but an 

exception must be made as regards the numbers in the fourth column. 
| 23—2 
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At the moment which this column represents, the curve is at its turning 
point, and consequently cannot be measured correctly. 
Time in 

thousandths 
ofasecond 6 10 15 20 30 40 50 60 70 80 90 6100 
Photographic Ourve of Monophasic Variation (p) 

-5°0 -—-70 -86 -10°0 -11'1 -10°6 -10°2 -9°4 -82 -68 
Curve of Difference of Potential at Proximal Contact (p’) . 

-82 -71 -59 -49 -292 -15'6 -62 -0°S +3°8 +46 +5°6 
Curve of Difference of Potential at Distal Contact (d’) 

— — — +82 +59 +89 +21°6 +10°0 +80 -0°8 -3-4 -46 


‘Summation Curve, i.e. Curve of Difference of Potential of Diphasic variation (s’) 


-82 -—71 -59 +33 +15°4 +9°2 +5°2 +3°0 +1°0 
Conjectural Electrometer Curve of Diphasic Variation (s) . . 

-2°4 -5°0 -70 -68 -86 -18 -06 00 +01 +0°2 +02 +0°4 
Curve of Difference of Potential as deduced from the Conjectural Curve 

-82 -71 -59 +43 +28°4 +148 +80 +50 +3°4 +2°0 +0°8 


The relations between the monophasic and the diphasic curve which 
are set forth in the diagram and in the Table’, exist only when the wave 
of excitation in its progress from the proximal to the distal contact 
undergoes no change of intensity, that is, when d’ is an exact counter- 
part of p’. As this happens only when the two ends of the muscle are 
in the same physiological state, we are justified in calling it normal. If 
this word is used at all it must be in this sense. There is no objection 
to its being so used, provided that it is kept in mind that the condition 
of the sartorius is usually not perfectly normal. We know from reli- 
able observations that in general the wave of excitation in its progress 
undergoes diminution, so that its strength at the proximal contact 
exceeds that at the distal. But in other preparations there is no 
difference, and occasionally the difference is the other way. I have now 
to show in what way differences in strength between p’ and d’ must, 
when they exist, affect the character and time-relations of the diphasic 
variation. In order to deal with the question a priori I have con- 
structed the following diagrams (Figs. 5 and 6). 

In both, the character of p’ is the same, but in the first (Fig. 5) I 
have represented the effect of increasing the intensity and duration of 

’, while preserving its time-relation to p.« I have supposed it to 
decline 0°01 sec. later and to attain a differerte greater by half than 


1 The numbers in line 3 express the lengths of the ordinates of p’ corresponding to the 
times 5, 15, 25, 35, &c. 
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p. The summation curve s’ is obtained in the same way as before. 
It sinks to a much lower level. From it the conjectural curve s is 


--obtained from which could be deduced a curve indistinguishable from s’. 


Comparing s with the curve of the same designation in the preceding 
diagram, we see that its downward inclination is more abrupt, that in — 
consequence it sinks at an early period below the zero line, and that 


after this it becomes horizontal at the moment that it cuts s’. 


In contrast with this, Fig. 6 shows the effect of diminishing the 
intensity and duration of d’. Here it is supposed that d’ declines 0°01 
sec. sooner, and that in difference of potential it is less by a quarter. 
The lowest point of s’ is not so much as half as low as that of the 
corresponding point of the normal curve, and it cuts d’ much earlier, 
having already risen nearly to the zero line. The conjectural curve s 
(also verified) takes a course which is as far above its normal position as 
the curve similarly designated in diagram 5 is below it. 

Just as from the ordinates of the two monophasics, p’ and d’, supposing 
them to be known, those of the diphasic variation can be deduced by 
addition, so if the proximal monophasic and the diphasic are taken as 
data, the distal monophasic catrbe deduced by subtraction. This can 
be readily exemplified from the diagram (Fig. 4). In every such diagram 
if correctly constructed, the distance between the points where p’ and s° 
respectively are cut by the same vertical line, is equal to an ordinate 
of p’ at a position corresponding to 0°015 sec. earlier. Comparing the 
actual photographic curve of the diphasic variation o in the muscle of 


which s is the conjectural one, we find that its slope is less, and con- 


sequently that its position must be higher. If in the construction of 
the diagram, d’ were deduced by subtraction from p’ and a’, the de- 
parture of o from the normal form would have to be compensated — 
by shortening the ordinates of d’. In other words the two photo- 


graphic records taken together, of which p and o are the reproductions, 


prove that in the muscle to which they relate the wave of excitation 
underwent diminution in its passage from the proximal to the distal 
contact. Had o exactly coincided with s it would have been evidence 
that there was no decrement. This method of investigating the varia- 
tion from p and ¢ as data, is of importance in relation to the question 


_ of decrement. The only satisfactory way of employing the electrometer 


for determining whether or not the wave of excitation undergoes 
diminution, is obtained by photographing the proximal monophasic 
and the diphasic variations of the same muscle and =r the 
distal monophasic by subtraction. 
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Influence of the position of the leading-off contacts on the form of the 
electrometer curve of the diphasic variation. We have now to enquire 
what modifications the diphasic variation and its electrometer curve 


- would undergo if, without change either of the duration or strength 


of the wave of excitation, the interval of time between its arrival at the 
proximal electrode and its arrival at the distal were either protracted or 
shortened. I have studied this question in the same way as the previous 
one, and embodied the result in Fig. 7. 

In this diagram the curve p’ has the same form as in the others: 
d’ has also the same form, but it is represented in two positions. 
d’, occupies a position +4, sec. behind p’; d’, is 735 sec. behind it. In 
the former case the interval is shorter by five thousandths of a second, 
in the latter it is longer by the same amount than in the diagram 
previously considered. Adding to the ordinates of p’ the corresponding 


ordinates of d’, and d’, respectively, we have the summation curves 3’, 


and s’,. From these have been constructed in the manner before 
described the two electrometer curves s, and s, of which the latter, as 
well as its curve of difference of potential, is distinguished by the 
broken lines. In this diagram as in the others the curves express 


the data obtained by direct calculation, excepting s, and s,, and these 


have been verified in the way before explained. The diagram shows 
at a glance why it is that cat. par. the descent of the electrometer- 


_ curve is the steeper the greater the distance of the electrodes. In the 


case represented by s, the influence of the proximal electrode prevails 


during the period of decline, in s, that of the distal. It is also seen that 


in this instance the acting difference of potential during the period of 
decline attains a maximum considerably greater when the time-interval 
is z#, sec. than when it is ;4, sec., being in the former case about 0°062 
volt, in the latter about 0°04 volt. 

The four diagrams (Figs. 4—7) afford the key to all the forms of di- 
phasic electrometer curves which present themselves experimentally. All 
of these forms may be accounted for either by differences in the distance 
of the contacts, or by differences in the intensity and duration of the 
changes at each contact. It is fortunately possible to exclude either of 
these conditions so as to observe the influence of the other by itself; 
i.e. either to maintain such physiological equality between the contacts 
that the two variations (distal and proximal) may be equal or nearly so, 
in which case the effect of varying the distance between the electrodes 
may be studied—or, to keep constant the time occupied by the 
propagation of a wave from the proximal to the distal contact, so as to 
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determine the effect of changing the physiological conditions of the 
surfaces of contact. As we shall see, the most effectual way of altering 
the physiological state of an excitable tissue is by local warming or 
cooling. 

The appearance of. the diphasic variation may afford proof that, 
notwithstanding the physiological equality of the contacts, the wave of 
excitation undergoes diminution in its progress. We cannot however 
infer that this is so from the mere steepness of the curve of descent. 
for it is easy to see from the diagrams, Figs. 5 and 6, that at the 
beginning: of the descent this 1 is chiefly dependent on the time-relations 
between p’ and d’. 


I trust that the examples I have given will have satisfied the reader that 
as a practical way of investigating the photographic records of the electrical 
response of muscle, the construction of diagrams such as those which I 
have submitted is the best. Others however may find it preferable 
to compare the numbers which express the lengths of their ordinates. 
Whichever plan is followed it is advantageous to make the observed and 
deduced numbers or curves relate to the same unit. 


The general relation between the monophasic and diphasic electro- 
meter-curves is illustrated by Plate IV, Figs. C and D. In each of 
these combined photographs the area bounded by the diphasic curve is 
dark, the remainder of the shaded area, which is paler, being limited by 
the monophasic. They relate to curarised sartorius muscles which were 
at the same temperature, and in each the rate of propagation was about 
the same. In each of the two photographs C and D the diphasic has 
been superimposed on the monophasic of the same muscle, so that 
the beginnings of the two curves coincide. The two diphasic curves 
were taken with the leading-off contacts at different distances, namely 
at about 20 millimetres, and 9 millimetres respectively, the exciting 
electrodes being at the same distance from the proximal, and the 
rate of propagation about 120 centimetres per second. These repro- 
ductions show very imperfectly what is plainly seen in the originals, * 
namely that until the moment at which the wave of excitation arrives 
at the distal electrode, the ascending limb of the diphasic curve 
coincides exactly with that of the monophasic. It then follows a 
course which, as we have seen, could in the absence of “decrement ” 
be deduced from the monophasic curve. 

I have recently made with the aid of Miss F. Buchanan a eae 
of photographs for the purpose of comparing the diphasic with the 
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monophasic curve of the curarised sartorius when the leading-off elec- 
trodes are at different distances. Some of the curves have _ 
in Fig. 8. 


Fig. 8. 


Fig. 8. a, shows exact copies of three diphasic variations (combined as in the photo- 
graphs C, D, £) of the same muscle which had been kept in salt solution for 6 hours. The 
muscle was excited as usual at the pelvic end, at about 8 millimetres distance from the 
proximal electrode. The curves were taken with the leading-off contacts respectively at 
the distances of 5, 11 and 18 millimetres, Rate of propagation 125 centimetres per sec. 
The muscle had been prepared the same day and kept cool. The temperature was that 
which I regard as the most favourable. The curves show remarkably well the influence 
of the time-interval on the height of the diphasic electrometer curve. 

The three curves }, c, d are diphasic variations of another muscle kept for 24 hours 
with different distances between the contacts—8 millimetres in b, 15 in c and 22 in d. 
The temperature was lower (7° C.), and the rate of propagation slower (70 centimetres.) 

In ¢ and f two diphasic curves are in each case combined with a monophasic of the 


same muscle kept for 48 and 24 hours respectively. ‘The distances for the Ciphasics are 


20 mm. and 10 mm. in e and 17 and 7 in f. 

The last curve (g) is a diphasic of the same muscle as /, with the contacts at 24 mm. 
distance, The rate of propagation in this muscle was slower than in the others (60 cm.), 
although it had not been kept so long as the one to which e refers. 

All of these were projected at from 47:3 to 47-5 centimetres from the centre of rotation 


_ of the recording surface. 


of 
| 
is 
4] 
i 
4 
d 
+h 
} 
4 
in é 
i 
| 
ai 
j 
| 
i 
ay 
} te 
| 
i 
= 
4 
eg j ‘ 
4 


ELECTRICAL RESPONSE OF MUSCLE. 345 


_ The modifications of the diphasic electrometer curve which we shall 
have to consider in this and the following section will be found, as we 
should expect, to be mainly dependent on the time-relation which in 
each case subsists between the changes that occur at the proximal and 
distal contacts respectively. For, so long as the two contacts are in the 
same physiological state, the contour of the curve depends entirely on 


the distance from each other of the leading-off contacts and on the rate 


of propagation of the wave of excitation. But its exact form could not 
be foretold unless, in addition to these particulars, we had before us the 
form of the monophasic variation at both contacts. 


Modifications of the monophasic and diphasic variations dependent 


on survival and temperature. The effect of keeping a muscle in salt- 
solution is so analogous to that of cold, that the influence of temperature 


on muscles so kept cannot be appreciated irrespectively of the influence — 
of survival, The method above described involves the use of muscles 


prepared in this way, the advantages of which I have already explained. 
We must therefore before discussing the modifications produced by 


changes of temperature, consider the electrical peculiarities of kept — 


muscles, The only way in which this can be done is by taking 
successive observations of one and the same muscle at different periods 
after preparation. For such serial experiments we have used the 
diphasic variation only. 

As we have already seen, the characters of the diphasic curve 
depend chiefly on the time-interval between the first and second phase. 
The points to be specially noted are (1) the rate of propagation 
of the wave of excitation, and (2) the initial inclination of the photo- 
graphic curve ; the former, taken in connection with the measurement 
of the diatanen between the proximal and distal contacts, is the key to 
the understanding of the culmination and decline of the curve; the 
other enables us to judge of the electromotive force of the action 
current. 

In Fig. 9, a, b, c, and d, we have the photographic records of the 
diphasic variation on four successive days in the same muscle at 
about 14°C. The rate of propagation of the wave of excitation was 
measured on each day, and was found to diminish during the first day 
from 280 to 150 centimetres per second, afterwards more slowly to 
120 or 100 centimetres. Observations on other muscles show that in 


the freshly prepared sartorius the rate does not exceed 280 centimetres, . 


at 14°C. As regards the effect of keeping in salt solution, by com- 
paring the results of two sets of measurements of photographs 
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relating to the same muscle, the one with long and the other with 
short distances between the seat of excitation and the proximal 


| 


‘Fig. 9. 


electrode, we have 150 centimetres as the rate of propagation for a 
muscle which has been kept for a few hours, and 100 centimetres for 
a preparation which has remained in the solution for a couple of days. 
At 18° C. in another muscle the rate of propagation was 350 centims. 
when fresh, 180 after 24 hours, 160 after 48 hours, and 120 after 60 
hours. Other observations show that at 7° C. the rate may be 140 in 
fresh muscle, 100 after 24 hours, gradually diminishing during the next 
two days to 60 centims. It may be further reduced by a lower tempe- 
rature. It must nevertheless not be anticipated that however uniform 
may be the temperature of a muscle, every preparation will be affected 
by keeping in the same degree—even in the case of observations made 
at the same season and under similar physiological conditions. 

Two modifications of the electromotive properties of the sartorius 
are occasioned by diminution of temperature. The duration of the 
excitatory change at each contact is increased in magnitude and the 
rate of propagation of the wave of excitation is diminished. ~ 

The increase of amplitude and duration of the monophasic variation 
is sufficiently evidenced by observations such as the one of which > 
facsimiles of the photographic curves are given in Fig. 10. A series of 
ten photographs were successively taken with a muscle which had 
been kept for 24 hours, the temperatures of the chamber ranging from 
6° C. to 8° C. and from 14°C. to 20°C. a and 6 are specimens of curves 
taken at the lower temperature, c is one taken at 14°C. Other series 
show similar contrasts between temperatures a little above and a little 
below that which we consider as normal. 

The amplification of the excursion of the electrometer by cooling, 
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is even more manifest in the diphasic than in the monophasic record. 
It is easy to see that it could not be otherwise, for inasmuch as the 


Fig. 10, 


initial slope of the curve is while it lasts longer at least as steep in the 
cooler muscle as in the warmer, it must culminate at a higher level. 
It can never attain to the height of the monophasic curve, but must fall © 
short of it the less the later the excitation wave arrives at the distal 
electrode. 

As regards the other effect, it was found in an experiment made for 
the purpose, that when a fresh muscle was observed successively at the 
temperatures 17°C., 14°C., 9°C. and 7°C., the corresponding rates of 
conduction were 32, 26,19 and 14 decimetres per second respectively. 
The same experiment was repeated with the substitution for the fresh 
muscle of one which had been kept for 24 hours in salt solution. The 
temperatures were nearly the same, namely 20°C., 18°C, 14°C, 
9°C., 6°C. The rates of propagation were respectively 22, 20, 14, 
9 and 7°5 decimetres per second, showing that a previous reduction 
of the rate of propagation from 30 to 20 decimetres per second does 
not prevent its further reduction by cold. 

The effect of cooling or warming on the variation is more strikingly 
seen when the two contacts are subjected to different temperatures 
than when the whole muscle is cooled or warmed. The diphasic 
variation of a cooled or warmed muscle may have the same general 
character that it had before so long as the two contacts are at equal 
temperature. But when they are not so, the circumstance that the 
variation at the cooler contact exceeds the other, determines changes of 
form which are characteristic, even when the difference of temperature — 


: 
) 
b 
C 
D; 
ay 
& 
best 
~ 
‘ 
Brg 
aga 


| 
| 


348 J. B. SANDERSON. 


is inconsiderable. The nature of these changes can be easily conjectured 
with the aid of the diagrams (Figs. 5 and 6). In these it is seen that 


Fig. 11. cande, f, g are the electrometer curves (translated to rectangular coordi- 
nates) of two experiments, In the first of these a sartorius at 8°C., of which a is the 
normal curve, was warmed by passing a stream of water at 17°C. through the tube, first 
underneath the distal electrode (curve ¢) and subsequently under the proximal (curve b); in 
the other experiment a sartorius at 14°C., of which ¢ is the normal, was cooled by a stream 
of water at 4°C., first at the distal (curve f) then at the proximal (curve g) contact. 

The curves h, i, were obtained by the method described on page 887. A diagram was 
constructed in which the proximal monophasic variation of a kept muscle at 14°C. was 
combined with the distal monophasic of the same muscle at 8°C., with a time-interval 
between them of 0°015 sec. The summation curve resulting from the algebraic addition 
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of the ordinates of the colder curve to those of the warmer gave the conjectural electro- 
meter curve h. When the curve of the cooled muscle was regarded as proximal the — 
conjectural curve was i. In other words, the curve h is such a curve as, according to 
theory, would be obtained if the distal contact were at 8°C., the proximal at 14°C; ¢ is 
such a curve as would result if these conditions were reversed. 

he ordinates of the curves derived from them 
are given in the following table :— 


5 0 6 20 2% 30 50 6 6 
Curve of proximal monophasic variation of cold muscle 
-~140 -80 -66 -52 -46°5 —40°5 -35'5 -30°0 -26'5 -22°5 -18'5 -14:5 
Curve of distal monophasic variation of warm muscle 
+110 +52 +441°0 +83°5 +28 +23 +19 +155 +11 480 +4°4 


Summation curve h’ é 
+68 +55 +05 -20 -20 -85 -85 -80 -85 -85 -~36 


_ Gurve of proximal monophasic variation of warm muscle , 
-41°0 -338°5 -28 -28 -19 -15% -1ll -80 -44 -18 41 +4840 


Summation curve i’ 
+106 +52 +48 +83 +310 +29°5 +27°5 +25°6 +25°2 +2985 +2195 


It will be noticed that the ordinates of curve i’ are obtained by summing the numbers 
on line 4 with those on line 1, reversing the signs of the latter. It will be seen that — 33-5 
sums with +140 and so on. 

The two summation curves represent the theoretical forms of the curve of difference of 
potential of a diphasic variation of a muscle of which the contacts are at different 
temperatures. Anyone who will take the trouble to compare them with the actual curves 
same characters. 


when the proximal monophasic variation is longer and stronger than 
the distal, the summation curve takes a higher position than the 
normal—when it is weaker and of less duration, a lower position. _ 

The curves which are given in Fig. 11 show what actually happens 
in muscle whenever one contact is cooler than the other. The curve 
of the diaphasic variation occupies a higher position than the normal 
one when the proximal contact is cooler than the distal, a lower 
position when it is warmer. The arrangement by which these curves 
are obtained is as follows :— 

The chamber is provided with a glass tube bent into the form of a 
loop, through which a stream either of ice-cold water or of tepid water 
can be led. This is so arranged that it can be brought under either 
leading-off contact so as to produce the required inequality of tem- 
perature. In this way an electrometer curve (of the two types shown 
in Fig. 11) of either form can be obtained and compared with the 
normal. The experiment can be made either by warming or cooling 


wR 
ig 
4 
y 
a 
2, 
tem 
7 
5 
4 
Ve 
z 
& 
Be 
a” 
a 
~ 
? 


350 VJ B SANDERSON. 


in the neighbourhood of one contact, without changing the temperature 
of the chamber. If the former method is used, a doubt may exist 
as to the meaning of the result, for a high temperature acts like 
a mechanical injury and the question might be asked whether the 
warmed leading-off surface is not damaged. Such a surmise is, however, 
inadmissible, for the effect at once disappears when equality of 
temperature is restored. To avoid the possibility of the suggestion 
of injury, it is better to cool one contact, leaving the other at 12°C. 
to 14°C. 

The meaning of the experiment I understand to be that within 


| the ordinary limits of observation, viz. between 4° C.—6°C. and 


18° C.—20° C. the functional capacity of each element of the frog’s 


_ gartorius is augmented by cold, diminished by warmth. This shows 


itself, in the case of cooling, by the augmentation of the electromotive 
force of the action-current and the increased duration of the electrical 


change produced in each element by excitation; this last effect 


manifesting itself chiefly in the greater predominance towards the 
close of the variation, 7.¢. during the slow return of the muscle to its 
previous state, of influences which are referable to the cooler of the two 


contacts. 


Influence of cold on nerved muscles. If in a nerved sartorius the 
proximal leading-off contact is on the side of the hilus, and the distal in 
the neighbourhood of the tibial end, the monophasic and diphasic 
responses to indirect excitation cannot be distinguished from those 
observed in the curarised muscles. A monophasic curve of a nerved 
sartorius is shown in PlateIV. As regards the modifications of the elec- 
trometer curve produced by cold I have observed no material difference 
between nerved and nerveless muscle, but in making the comparison 
I came upon a fact previously unknown to me, namely that the period 
of electrical latency in indirect stimulation is much lengthened by cold. 
At 15°C., as I showed in my former paper, the electrical delay in a fresh 
muscle does not exceed 0°001. In the same muscle it can be increased 
by cooling the chamber to 0°006, and brought back again to 0002, 
as the temperature slowly rises to 14° C, | 
_ A very small proportion of this extra.delay can be attributed to the 
cooling of the nerve, for when the electrodes are piaced on the nerve 
roots, the delay is only 0°001 second longer at both temperatures 
than when it is on the trunk of the nerve close to the muscle. It is 
equally certain that it is not due to the muscle, for when the curarised 
sartorius is excited close to the proximal electrode the electrical delay 
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almost vanishes, The result seems to indicate that the delay has 
its seat in the nerve endings, but further na, nserver are required 
for its elucidation. 

Influence. of Strength of Stimulus —The electrical response in the 
curarised sartorius is influenced by the strength of the stimulus 
employed, nearly in the same way as the contraction. The mode 
of experiment consisted in exciting a curarised muscle at a low tem- 
perature, which had been kept in salt solution for a few hours, with 
the distance of the secondary coil varying from 1000 to 3000 of 
Kronecker’s scale. It was usually found that at 1000 there was a 
scarcely appreciable effect, and that the initial slope and height of the 
_ photographic curve reached its maximum at 2500 or 3000. Thus in — 
one muscle the initial slope was increased from 0°75 to 1 by shifting 
the secondary coil from 2500 to 3000; in another, an increase of slope 
from 0°55 to 09 took place between 1500 and 2000, the height of the 
monophasic curve increasing from 5 to 7 millimetres. So far as could 

be observed, the height of the isotonic contraction curve (with a load of 
10 grms.) varied with the steepness and height of the photographic 
curve. 

Influence of Tension, Load and other mechanical conditions. Many 
years ago it was observed by Lamansky that the deflection of a 
- galvanometer produced by indirect stimulation of the gastrocnemius 
by a single induction current is the larger, the heavier the load the 
muscle has to lift. Twenty-five years later the subject was taken up 
by Schenck, whose purpose was to investigate the relation between 
electrical change and heat-production. Schenck employed the capil- 
lary electrometer for the purpose of recording its excursions photo- 
graphically. He concluded from his observations that the effect of 
tension is to increase the amplitude of the initial excursion, but to 
diminish the after effect. 

Since the publication of Schenck’s paper, the question has been 
dealt with by Bernstein. He, like Lamansky and Schenck, began 
with the gastrocnemius but found his results unsatisfactory. He then 
had recourse to a parallel fibred muscle, the adductor, taking as a 
measure of the integral of the curve of variation, the deflection 
’ observed when the galvanometer circuit was closed for a short period 
following excitation. The result appeared to justify the conclusion that 
when successive observations were made with increasing loads, the 
deflections increased in amplitude with the amount of work done in 
each contraction, but diminished from the moment that that amount 
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began to decline. Still more recently the enquiry has been resumed by 
Schenck, for the special purpose of comparing isotonic with isometric 
contractions. Although the two observers employ nearly the same 
method, their results are rather difficult to harmonize. According to 
Bernstein the integral of the curve of variation increases with the 
load. According to Schenck the isometric integral variation (Gesammt- 
schwankung) is smaller than the isotonic. Whether the experimental 
data” afford’ sufficient foundation for this conclusion the reader must 
judge. Of nine series of experiments the results of six are in favour of 
it, and three opposed to it. With reference to these last it should be 
added that Dr Schenck explains their contradiction rather on the 
ground that in certain cases the change of form which a muscle 
undergoes in contraction gives rise to currents opposed in direction 
to the action current. The views of the two authors on the “ wie 
of the negative variation” will be considered later. 
| In the course of the present research much time has been given 
to the observation of the influence of mechanical causes on the 
monophasic and diphasic variation: I have however been able to 
accomplish little more than to prove that curarised muscles may be 
subjected to great variations of tension or of form without any material 
modification of the electrical response to stimulation. In the preceding 
paragraph we have seen how very easy it is, with the aid of so exact a 
method as we have now in our hands, to judge of the influence of any 
of those agents, such as temperature, which are really capable of modi- 
_ fying the electrical phenomena of the excitatory process, and that even 
_ when the modifying influence is slight, its degree may be estimated by 
comparing photographic curves obtained before, during, and after its 
period of operation. When the same plan is applied to the investigation 
of the influence of tension or load, the curves obtained under the 
influence of these conditions are found not to differ. from those recorded 
in their absence. The results are purely negative. Whether the sartorius 
is loaded with 15 grms., 10 grms., or half a grm. the monophasic and 
diphasic curves have exactly the same characters in the same muscle 
at the same temperature. There is no difference in this respect between 
a muscle which contracts isotonically and the same muscle when its 
contraction is opposed; nor can any abnormality be observed when the — 
contraction is arrested (by v. Kries’ Anschlag method) immediately 
after the contraction has begun. (See explanation of Figs. D, Z, F, G, 
of the Plate.) Notwithstanding it seems to me possible that, although 
this excitatory variation is unaffected by the mechanical conditions in 
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question, the subsequent electrical state of the muscle may be altered. 
I hope to settle this question later. 

Decrement. Hermann concluded many years ago from well-known 
experiments that the excitatory wave in a curarised muscle diminishes 
as it gets further from its origin. He has designated this diminution 
by the term “ Decrement der Erregungswelle bei threm Ablau/f,” and uses 
it to explain the “ atterminal action-current” of tetanus as observed in 
an uninjured muscle. The proof of its existence rests on Bernstein’s 
rheotome experiments. 

As additional proofs Hermann refers to facts which will be considered 
in my next paper, inasmuch as they relate to tetanus; the most 
important being that in a curarised sartorius tetanised at one end, 
all parts nearer to the origin of the excitation wave which follow each - 
other along the muscle in rapid succession are negative to more remote 
parts; so that if in successive observations the leading-off electrodes 
are at different distances, the difference of potential between them is 
approximately proportional to the distance. 

Without reference to the question of the “decremental action- 
current” in tetanus, experiments have been made for the purpose of 
determining what influence, if any, diminution or increase of the distance 
of the seat of excitation from the proximal electrode can be shown to 
exercise on the character of the variation. For this purpose the mode 
of experiment is very simple. The contacts are arranged according to 
the diagram. The curarised muscle is excited alternately at « (distant 
5 mm.) and at a’ (distant 15—20 mm.), care being taken that the 
leading-off electrodes are not displaced and that the temperature is 


constant. Twenty sartorius preparations have been examined in this 
way. In nine the variation was feebler when the exciting electrodes 
were at a distance than when they were near, but in one of these 
this showed itself only in the last couple of observations. In ten 
there was no appreciable difference between the two results: in one 
the response was stronger when the excitation was distant. It is note- 
worthy that among the muscles which showed no decrement was one 
which had been for three days in salt solution. 

At the time that these observations were made my attention had not 
been drawn to the evidence which the form of the diphasic tracing 
affords of the presence or absence of decrement. From what has been 
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stated on p. 347 it seems evident for example, that in the muscle which 
yielded a diphasic curve of the form reproduced in figures F, G, of the 
Plate the variation at the distal electrode must vane been stronger not 
weaker than the proximai. 


DESCRIPTION OF PLATE IV. 


_ The broad, dark, circular band at the top of the Plate is produced by the 
shadow of the vibrating prong of the fork (500 vibr. per sec.), The upper 
edge of the pale band which borders the shadow is the line referred to as the 
reference line. It relates to Photograph A. For economy of space the other 
photographs (which ought to have been arranged parallel to one another) 
overlap, so that only the lower edge of the shadow of the prong is shown. — 


A. Photographic electrometer curve of the monophasic variation of a 
freshly prepared sartorius muscle of a curarised frog. Proximal leading-off 
electrode near hilus. Distal electrode on tibial end. Muscle tightly ligatured 
above distal contact. Temp. of chamber during observation 7°C. Previous 


difference of potential between contacts 45 mm. of electrometer scale (about 


0°032 volt.). 
B: Monophasic variation of a freably prepared sartorius not curarised. 


~ Position of leading-off contacts’ as in A. Nerve excited about 1 centimetre 


from hilus. Muscle ligatured as before. Difference of arnt before 
excitation about 0:04 volt,—Temp. 7° O. 


C. Superposed electrometer curves of monophasic and diphasic iatitinat 
of the same sartorius. The muscle had been kept for 4 hours in salt solution 
containing curare and was at 9° C.—Distal electrode on tibial end. Distance 
of distal from proximal about = millimetres, Bate of propagation 120 cen- 
timetres per second. 

D. Monophasic and diphasic virtadioun combined as above. Sartorius 
kept 24 hours in salt solution containing curare. Observation made at — 
8°C. Distance of distal from proximal electrode, when extended by a weight 
of 15 grms., 11 mm.—Muscle prevented by a stop from lifting the weight. 

E. The same observation on the same muscle at the same temperature. 
Muscle allowed to contract and lift the weight, 

F. Diphasic variation of curarised sartorius after 4 hours in salt solution. 
Temp. of chamber 9°. Load } grm. Dist. of electrodes 15 mm. Rate of 
propagation 130 centimetres. 

G. The same observation at the same temperature and same load. Muscle 


prevented from shortening by a stop which arrests the contraction 0°03 sec. 
after it has begun. 
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_ No difference can be observed either between the curves D and £ or 
between Fand G. (The sinking of the curves F and @ below the zero line 
is connected with an unusually short duration of the monophasic curve (not 
reproduced), which culminates not later than 0°03 sec. after the beginning 
of the variation.) | 


APPENDIX. 


In the following pages I offer some criticisms on the observations on the 
phenomena of the monophasic and diphasic variation of muscle, which have 
been published since the appearance of my former paper. 

I. Professor Hermann’s Paper on “The Oapillary Electrometer and 
the Action Currents in Muscle.” Pfliiger’s Archiv, tx. p. 440, 1896. 

The paper consists of two parts, in the first of which the author discusses 
the use of the capillary electrometer for the investigation of changes of current 
strength of short duration ;. and in the second, criticises the physiological 
data and inferences of my paper published in this Jowrnal three years ago. 

In the first part he fully develops the mathematical consequences of the 
fundamental principles expressed in the equation referred to on p. 325 in its 
application to the various cases which present themselves in the investigations 
of the electromotive phenomena of muscle, and arrives at the conclusion that 
the great differences which exist between the true curve of variation, and its 
photographic representation are objections so serious as to render these records 
unreliable. The answer has already been given. The great difference in 
contour between the curve which represents the change in current-strength 
to be investigated, and the electrometer curve into which it is transformed, is 
of no moment, provided that the time- and place-relations in which they stand 
to each other are known and can be verified experimentally : nor is it in any 
important respect disadvantageous that there should be an interval of time 
between the culmination of the curve which represents a change and that of 
the electrometer curve which expresses its effect. | 

In the physiological part of the paper Hermann first comments on my 
interpretation of certain peculiarities in the photographic curve of the 
monophasic variation, particularly the notch which separates the summit of 
the curve from the initial rise. In the sartorius the notch is absent, and the 


form of the curve requires no other explanation than that which is afforded | 
by the absence of any effect originating from the electrode applied to the — 


devitalised part, i.e. from the distal contact. I very gladly recognise that no 
_ such auxiliary hypothesis as the one to which I had recourse in order to 
account for the peculiarities just mentioned is required, and am much 
indebted to Hermann for his exposure of its inadequacy. My conjecture 


was that there might be an “after effect directed from the less injured to the 


more injured part having its origin in the neighbourhood of the injury,” (see 
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foot of page 139 of my former paper and head of page 155,) where it _ be 
supposed that the wave of excitation is propagated at a slower rate. 

On page 455 Hermann points out a misstatement which found its way, I 
think by inadvertence, into my former paper, to the effect that in the photo- 
graphic curve of the diphasic variation the culmination is coincident with the 
change of sign. The reader will find this point fully elucidated on pp. 
335—345. 

On p. 457 Hermann examines the isa on p. 150 of my last paper 
on the electrometer curve of the monophasic and diphasic variations of the 
ventricle of the heart. of the frog, in which I endeavoured to make clearer 
than before the relation between these curves and those of muscle. 

The essential difference between the two diphasic curves is that in muscle 
the ascent and descent of the curve are both much steeper. Accordingly, 
when the heart curve is recorded on a sensitive surface of which the hori- 
zontal movement is relatively very slow, it resembles a muscle curve, — 


- Notwithstanding this difference I hold that the up and down movement of 


the meniscus has in the two cases the same meaning. In this view Hermann 
finds that I am mistaken, and indicates that such an explanation of the diphasic 
curve, would if adopted make it impossible to explain the monophasic: He | 
regrets that I did not adhere to the simpler view which I advanced in 1882. 

That view was defective, because at that time I did not know how to 
interpret an electrometer curve. It was not until the key was furnished by 
Mr Burch that it became apparent that if the meniscus having shot up to a 
certain height, returns with the same velocity, this can only mean that it 
is acted on by two successive currents of approximately the same strength. 
I did not recognise that the spike which is so obvious a feature in the 
photographs I published in 1882 is the expression of Engelmann’s 
Doppelschwankung. 

What then is the meaning of the electrometer curve of the ventricular 
monophasic variation? Does it also correspond to the monophasic curve of 
the sartorius? | 

‘They obviously differ considerably in form. That of the ventricular 
curve indicates that the meniscus after rising abruptly to a certain height is 
stationary for the remainder of the relatively long period of the ventricular 
contraction, at the end of which it subsides. Let us now suppose both 
curves, viz. that of the difference of potential and that of the movement of 
the meniscus, to be inscribed on the same surface with ordinates measured by 
the same unit. It is obvious that if the latter curve were horizontal so 
would the former be, and that they would coincide. In other words, the 
difference between the two cases would consist in this, that whereas in the 
muscle as seen in the diagrams Figs, 4—7, the state of things expressed by 
& =y exists for a moment only—the moment that p’ cuts p—, it would in 
the heart last for the whole excitatory period. 
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The examination of the curve given by Engelmann as the mean result 
of twenty-five rheotome observations affords direct proof that the “spike” of 
my ventricular curve corresponds in time with the rapid return of the 
electrometer column to its zero position, which precedes what I called in 1882 
the period of equipotentiality. The data afforded by the two wanes 
therefore agree perfectly. 

The movement of the meniscus to which I then applied the term second 
phase has nothing to do with Engelmann’s second phase. It does not 
occur until just before the end of the systole, and was apparently not noticed 
by Engelmann, probably because his rheotome observations did not extend 
to so late a period. 

I hope as soon as possible to avail myself of the better vhathod now at 
my disposal for the further investigation of the ventricular variation. In 
the meantime I am unable to admit with Prof. Hermann that “the spike 
does not indicate two opposite phases” (p. 457). 

II. Prof. Bernstein’s paper on the ‘‘ Theory of the negative variation.” 
Pfliiger’s Archiv, p. 349, 1897. 

Although the “theory of the negative variation” is not within the scope 
of the present discussion, this paper relates to points which cannot be dealt 
with without referring to the author’s view of the relation between the 
electrical and chemical response to an instantaneous excitation. It should 
first be understood that Bernstein, like Hermann, limits the term 
‘‘ Negative variation” to the monophasic variation as observed in a muscle 
with leading-off contacts on natural and sectional surfaces, and that he 
regards this variation as representing the change which takes place in each 
muscle element (p. 352). The variation is the “electrical sign” of the 
chemical process which is associated with muscular action (p. 368). 

The chemical process Bernstein regards as consisting of 3 stages, viz. 
(1) The transition of oxygen from the intramolecular to the free state 
(Abspaltung des assimilirten Sauerstoffs), (2) Oxidation (Verbrauch des Sauer- 
stoffs bei der Contraction) and (3) Assimilation of Oxygen and reconstitution 
of the inogenetic molecule. 

He considers the sudden appearance of difference of potential alien 
the excited and unexcited parts—the initial culmination of the electrical 
_ change—as the sign of the first stage in the chemical process, viz. the splitting 
off of oxygen; the transformation of chemical into mechanical energy 
having as its electrical -concomitant the rapid diminution of 
difference of potential, which occupies the remainder of the 
period during which the monophasic variation lasts. (See pp. 
368—71.) On other grounds which are fully stated in another important 
paper’, Bernstein holds that in each muscle element this transformation is 


1 Bernstein. Pfliiger’s Archiv, uxvit. p, 349. 
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most rapid at the very beginning of the contraction, i.e. towards the end of 
the first hundredth of a second after excitation. The point to be especially 
emphasised in this and the preceding statement is that the electrical change, 
which is the immediate consequence.of excitation, denotes, not oxidation, but 
the presence of free, ¢.¢. active oxygen ; so that the initial electrical effect may 
be the same, whether the oxygen liberated at each excitation is used for 
thermogenetic or inogenetic purposes, or is reassimilated. 

As everyone knows, Bernstein’s original estimate of the duration of 
the “negative variation” was extremely small. ‘The process of the negative 
variation is completed in each element before it enters into the state of 
contraction’.” At first sight this appears to be wholly inconsistent with the 
data furnished by newer methods. Bernstein himself explains the dis- 
crepancy. The rheotome curve (Schwankungscurve) expressed only so 
much of the variation as exceeded the persistent deflection (gleichbleibende 
negative Ablenkung) which lasted during the whole period of excitation. 

Further on (p. 356) Bernstein speaks of the “negative variation” as 
consisting of two parts which he severally designates by the expressions, “a 
maximum which is attained with enormous rapidity, and a slowly declining 
end,” and maintains his original statement as to the completion of the 
variation before the beginning of the contraction, only in so far as it applies 
to the first of these two stages—this initial maximum being also, as above 
stated, ~ sign of ‘the chemical process which is the source of muscular 
energy.” These two concomitant phenomena, chemical and electrical, are 
alike antecedents of the development of mechanical energy. 

The preceding considerations bear on a question discussed in the text— 
that of the influence of mechanical conditions on the variation, If, as. 
Bernstein holds, the monophasic variation is the expression not of oxidation, 
but of the presence of free oxygen, it need not have any relation either to 
tension or work. But this applies only to the initial stage: when a muscle 
contracts without doing work, Bernstein thinks that the variation is likely 
to be more prolonged than when a load is lifted, because the time for 
reassimilation of the liberated oxygen is longer than that occupied in the 
transformation of chemical energy into heat and work. To use the current 
forms of expression, an anabolic process takes longer than a catabolic. As 
has been already said, this point has not as yet been conclusively settled. 
All that we know is that the immediate influence either of tension or work is 
difficult to appreciate. The question has now been taken up by Dr René du 
Bois-Reymond, who, it may be hoped, will be able to elucidate it. 


1 « Jedes Element volizieht erst den Process der negativen Schwankung bevor es in den 
Zustand der Contraction eintritt.” Untersuch. iiber den Erregungsvorgang dc. (Heidelberg, 
1871), p. 47. 
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FURTHER OBSERVATIONS UPON THE ACTION OF — 


THE OXYPHIL AND HYALINE CELLS OF FROG’S 
LYMPH UPON BACILLI. By W. B. HARDY, M.A. 


Fellow of Gonville and Caius College. (Ten Figures in Text.) 


THE observations which form the subject-matter of this paper were 
made in the winter of 1895-6. They constitute a direct continuation 
of earlier researches which the author made on the same subject, in 
the first instance in collaboration with the late Prof. Kanthack*. In 
this paper no new view is advocated, but perhaps more convincing 
proof is brought forward of the view that the oxyphil cells possess the 
power of injuring bacilli although they are not phagocytes. 

The immediate interest which the experiments have for the author 
centres in the fact that they offer strong evidence of the secretory 
nature of the oxyphil granules. These granules, like the secretory 
granules of the frog’s pancreas, form the nodal points of the network 
which can be demonstrated in the cells after fixation’. The fact that 
granules which are of the nature of non-living stored products form 
part of the network of fixed specimens seems to me to make it 
impossible to believe that this structure constitutes the contractile 
portion of the cell, as some authors urge, or indeed is anything more 
than an artifact. : 

The experiments consisted in observing the events which occurred 
when bacteria were placed in drops of frog’s peritoneal fluid suspended 
in a moist chamber. A simultaneous record of temperature was made 
from a thermometer placed on the stage of the microscope. 

Ahswers were sought to three questions, (i) Do the oxyphil cells 
possess the power of killing or maiming bacteria? (ii) If they do so, then 
what is the manner of their action? (iii) Do oxyphil cells change to 
hyaline cells,—or is there at any time any confusion of the identity of 
the two kinds? To the solution of the first question 26 experiments 
were devoted, and in each of these chains of bacilli on to which oxyphil 

1 Kanthack and Hardy. Phil. Trans.. B. p. 279. 1894. See also this Journal, 
xm. p. 809. 1892: xv. p. 361, 1894: xvi. p. 81. 1895: xvmr. p. 490. 1895. 

_ ® This point I propose to deal with in a Paper shortly to be published. : 
PH. XXIII, 25 
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Fresh broth cultures, 30 hours old, of B. filamentosus were used. 


- These experiments furnish their own control observations, seeing that 


chains in contact and chains not in contact with cells were measured in 
each case, and except in three cases, in the same ‘field of the microscope. 
The results however were also controlled by a series of twelve experi- 
ments in which measurements were made of the rate of growth of the 
bacilli in drops of centrifugalised serum of frog’s blood. 

Observations calculated to afford answers to the second and third 


- questions were episodical in the case of the first group of 26 experi- 


ments; they however formed the chief aim of a second group of 9 
experiments performed with very virulent B. anthracis. It is important 
to notice that the lymph was obtained from winter frogs, in which the 
wandering cells have much less vitality as compared with the same 
cells from the summer frogs. 

The general effect of the contact of a coarsely gree oxyphil cell 
with a growing chain is to retard its growth or to kill it. This is most 
conclusively shown by the measurements. In Fig. 1 are shown the 
curves! of growth in seven successive experiments chosen at random 
from the series. A...G are the curves for the chains on to which 
oxyphil cells did not move, while A’...G’ show the growth of the 


chains with which cells were in contact’ for a longer or a shorter time. 


The latter show no growth or slow growth. The details of one experi- 
ment will serve to illustrate them all. 


Exp. A. Two chains in the same field were measured. One was free 
from cells—this is chain A: two oxyphil cells moved along the other chain 
(A’), one from each end: they did not extend along the whole length of the 
chain, and after 10 minutes the cells began to move away from the chain. 
The chain therefore was not exposed to the action of the cells for very long, 
or along its entire length. 


Time A Temp. 


0 70 p 100 20° 
16 min. 100 p 110» 21 
83 ,, 180 p 125 20 


The change of direction in the curves of experiments B and G are 
due to alterations of temperature. The curve bends upwards in the 


1 In all the figures the curves are drawn to the same scale. In the ordinates 5 mm. 


represents an increase in length of 0-1°, ; be the abscissw 5 mm. is equal to 10 minutes 
of time. 


» 
| 
| 
ig 
| 
if 
{ 
2 
{ 
i 
t 
| 
| 
| 
i | 
| 4 


WANDERING CELLS AND BACILLI. 361 


former case, owing to a rise of 3 degrees, and downwards in the latter 
case, owing to the fall of temperature in the laboratory on a cold winter 
night. 
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Fig. 1. 


In the experiments which afford the data for the curves in Fig. 1 the 
chains which were measured in each experiment lay on the same field 
| 25—2 
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of the microscope, the Zeiss objective D and the ocular 4 being used. 
Thus the distance which separated the chains on to which oxyphil 
cells moved from those which oo were free from cells was 


small ; in experiment A it was + 80p. 

Fig. 2 gives the curves of growth 
of seven chains widely separated in 
different parts of the drop; the position 
of each chain was marked by the 
vernier scale on the moveable stage. 
Chains 1—4 were not at any time in 
contact with cells: oxyphil cells moved 
on to chains 5—7. The chains were 
measured every 30 minutes. 

‘It might be urged that the oxyphil 
cells only attack or crawl on to chains 
which are dead or dying. This is 
extremely unlikely since the control 
experiments prove conclusively that 
when B. filamentosus is transferred 
from broth to frog’s serum it suffers 
little or no injury. 

Fig. 3 gives the curve of growth of 
chains transferred from broth culture to 
the fresh centrifugalised serum. The 
measurements in two experiments only 
—the first two—are represented. In 
each case three chains were measured. 

Any doubt which might still exist 


as to whether an oxyphil cell was able | 


to injure or kill an actively growing 
chain is removed by the observation 
made many times of retardation, ex- 
tending to complete stoppage, of growth 
in chains which were actively growing 
before the cells moved on to them. 


H.- 


‘Fig. 3. 


Fig. 4 illustrates this point. It shows the curves of growth of four 
chains chosen from different experiments. The number was restricted 
to four to avoid confusion in the figure, and the examples were selected 
so as to show complete and partial cessation of growth and to illustrate 
the effect of temperature on the conflict. 
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Curve K, K’ is a singularly conclusive example. At the beginning 
of the experiment the chain was quite free from cells. It had a sharp 
bend or kink, and measured from 
one end to the kink11y, fromthe | 
kink to the other end 
After about 50 minutes an oxyphil | 
cell rapidly crawled on to the part 
- long, without however touch- 
ing the portion beyond the kink. 
The curve as far as the bifurcation 
represents the growth of the entire 
chain up to the time when the cell 
moved on to this one end; beyond ee 
this the ascending portion is the 
curve for the part which was not 
touched by the cell, while the 
curve K’ represents the growth of | ) 
the other portion after the cell had | Bie! 
moved over it. : 

In the other curves the portions a pen 
to L, M, N, give the growth when : 
the chain was free from cells. 

Curve 0, Fig. 6, illustrates the iets 
retardation due to the attack of a. Fig. 4. 

_ second oxyphil cell. (See page 365.) 

The deflection in these curves which follows contact of the chains 
with an oxyphil cell varies in amount according to the temperature, 
and according to the ratio of the length of the part which is at some 
time in contact with the cell to the total length of the chain and to the 
rate at-which the cells move over the portion large, or small, which 
they may be said to attack. 

Chain L, for instance, was 40 long when a single oxyphil cell 
crawled on toit. A little later a second oxyphil cell joined the first, 
and in the second hour .and a half of the experiment these two cells 
had moved slowly over about one-half of the length of the chain. Thus 
the attack, as we may for convenience call the process, was sluggish and 
incomplete and the retardation proportionately slow. The action of the 
cells on the bacillus was diminished by the temperature, which was 
high (21:5 C.), for, as we shall see later, the action of oxyphil cells upon 
B. filamentosus is hindered when the temperature is between 20—25 C. 

Chain NV was 220, long when it was attacked. But no less than | 
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9 oxyphil cells moved on to it and rapidly traversed the whole length. 
The temperature was 18°5 C. 


What these various curves mean is shown by Fig. 5, which shows 


the appearance of the field as seen with a low power, and the aspect of 


the same field 16 hours later. Chain a was attacked by the only 
oxyphil cell in the field; it did not grow. Chain 8, which was 


Fig. 5. 


| originally a continuation of chain a, grew rapidly. The first drawing 


represents the field, not at the commencement of the experiment, but at 
the close of the 6th hour of observation ; the second drawing represents 
the appearance at the close of the 18th hour. The oxyphil cell died 
but remained attached to one end of chain a. 
The general result of the 26 experiments may be stated as =auatital — 

of the chains which were attacked by oxyphil cells, 

25 did not grow at all, 

18 showed slight growth, 

1 showed free growth. 
By “slight growth” I mean that the rate was much less than that of 
the chains which were not at any time in contact with cells. Slight 
growth does not imply that that part of the chain which was actually 
traversed by an oxyphil cell continued to grow. In most cases it means 
that only a fraction of the length of the chain was at some time in 
contact with the cell. In one case the rate of growth of the chain was 
not changed. In this case contact with the bacillus was not followed 


by any visible change in the cell ; nor was there any of that production 
of slime which is described i in a eta section. 
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The effect of changes of temperature upon the conflict would probably 
vary for different bacilli. My conclusions relate solely to B. filamentosus, 
and to the action of the cells when in hanging drops. There would 
appear to be a critical temperature situated at or near 19°5C. Below 
this the cells are able to and readily do kill the bacilli; above this they 
retard the growth only, and at 25—-26C. (the highest temperature in 
my experiments) the chain recovers from the retardation’. 

On the other hand, if the chain has been attacked by an 
oxyphil cell at the lower temperature (15—19C.) a subsequent 
rise of temperature will not lead to growth. 


In the different curves _— in the figure, the temperatures were 
as follows : 


A—A’ | 
B—B’ } to 
| 
19° ab the beginning raised K—K’ | M)\ 19° 
7} at the close to 23°, 
Fig. 6 illustrates the recovery of the chain 78 


when the temperature is high. The lines indicate — 
the rates of growth of the chains which were 
measured in one particular experiment. Ten 
chains were measured. Of these two were not 
at any time in contact with cells, six were com- 
pletely traversed by oxyphil cells. The tempera- 
ture at the commencement was about the critical 
point but no exact record was made; it was 
rapidly raised to 24°4, and at the close was 25-2. 
Curve 8 gives the mean rate of growth of the 
chains which were not touched by cells, curve 9 
gives the mean rate of those which were attacked, 
and curve 0 is the complete curve for one 
particular chain among the latter group. It is 
this curve which merits attention. 

- The chain 0 was 17, long at first. An 
oxyphil cell rapidly extended along it, but after a 
short time it ceased to move and appeared to be 
dead. Thirty minutes later a second oxyphil cell 
‘moved on to the chain. This produced a marked Fig. 6. 


parallel to this is found in the that frogs are auld to lowe ther immanity to 
B. anthracis when warmed to 25°C 
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retardation of growth ; this cell remained attached to the chain 


throughout, but in spite of that fact the rate of growth returned ‘to 


the normal. 

Action of the hyaline cells. When the enfeebled cells ccs these 
winter frogs are placed in a hanging drop the hyaline cells rarely 
possess sufficient vitality to retain their activity in presence of the 
substances in solution introduced with the broth culture. On five 
occasions, however, an opportunity was found of observing the effect 
which contact with their cells has upon the growth of the chains. In 
three of these instances the hyaline cell extended itself along the chain 


and did nothing more—this did not alter the rate of growth at all. In 


the remaining two cases the hyaline cell extended itself along the chain 
and then developed vacuoles within its substance which were traversed 
by the chain. In these cases the growth of the chain was retarded, and 
in the one case when the chain was small enough to come wholly 
within the sphere of action of the hyaline cell its growth was ultimately 
suspended and the chain was broken up in the vacuoles. 

In Fig. 7 the curves of growth of two chains are édidin chain R was 
free from cells; while a hyaline cell extended 
itself over about half the length of chain P. 
The cell did not develope vacuoles. Chain D 
(Fig. 1) furnished another example. From 
point a in the curve onwards about one-half 
of the chain was covered by a hyaline cell. 

These few experiments are not sufficiently 7 
numerous to stand alone, but they offer iy 
excellent confirmation of the conclusion | /— 
arrived at by Kanthack and Hardy’ that . 
the action of the oxyphil cell upon the . Fig. 7. 
bacilli is solely an extracellular act, while the action of the hyaline 
cells is purely an intracellular, a vacuolar activity. To put it into a 
phrase,—the attack of the hyaline cells to be effective must 
be vacuolate. 

Mode of action of the owyphil cells; the character of the attack. 
Kanthack and Hardy’ described the loss of the oxyphil granules 
when the cells move on to bacilli, and then came to the conclusion that 
the cells were ameeboid unicellular glands, the secretory granules being 
the characteristic oxyphil granules. The same conclusion was re- 


Phil. Trans. B. p. 279. 1894. 
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affirmed by Hardy and Wesbrook’ on other grounds. It is impossible 
to obtain such decisive proof of the truth of this observation ‘as can be 
given of the result of the action of the cells upon the bacilli. It needs 
many hours of exhaustive stimulation of the nerves of a salivary gland 
to produce a condition of activity which is readily demonstrable in 
sections. Production goes hand in hand with loss, and it is only under 
exceptional strain that a gland cell loses the majority of its stored 
secretion masses. In these hanging drops the cells rarely retain 
sufficient vitality to enable them to discharge a great quantity of the 
granules. The result however of these experiments was to confirm in 
my mind the conclusion that the action of the oxyphil cells on the 
bacilli is exerted at the expense of the granules. 

It is very difficult to count the number of granules in a cell. I 
made the attempt on some occasions. It is impossible to count the 
granules in the normal “resting” cell, they are too crowded and 
numerous. Film preparations would fix the’ number at between 40 
and 80. The number of granules present in cells which had been 
applied for some time to bacilli were as follows :— 


Before After Number of granules 
— 
B. filamentosus crowded 90 mins. +13 
B. anthracis 50 ,, +25 
” ” 83 ” “a few” 
» ” — 6 faint and a small heap 
” ” 36 ” 6 dull looking 
| cannot detect any 
iw not more than 15 
” = ae not a single granule 
| ” 52 7 


It is quite certain that this loss of granules is in part only apparent. 
Observation with an apochrometer lens, moderate magnification (+ 1000 
diameters) and careful illumination enables one to trace the changes in 
the granules due to the stimulus which the cell receives from the 
bacillus. The granules lose their high refractive index ; they become 
dulled and larger, and one can then see them as dull round areas in the 
cell-substance. The loss of granule substance in the part of the cell 


1 This Journal. xvi. p. 490. 1895. 
? Examined with an apochrometer objective and various eyepieces, and with various 
 illuminations, this cell was found to show: 7 small refractive granules, 1 blot about the 
‘size of 2 granules, the rest of the cell-substance showed dull round areas. — 
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_ which is in contact with the chain is shown at the upper end of the cell 


in Fig. 9 which was drawn with a camera lucida, oc. 8, ob. 2 mm., 
apochr. Zeiss after fixation with formaline vapour. | 
After a prolonged and active attack upon bacilli the oxyphil cells 
are unquestionably diminished in size. This observation was made on 
many occasions. One experiment I devoted to an attempt to obtain a 
numerical measure of the change. Four hanging drops of lymph were 


made, to two of which there was added a small quantity of a fresh 
culture of B. filamentosus. The four drops were placed in the dark for 


two hours and were then fixed with the vapour of formaline. Fifty 
oxyphil cells were then measured in the control drops, and 50 in the 
inoculated drops. The mean diameters were found to be, for the former 
for the latter This represents @ very large change of 
volume. 

As an oxyphil cell crawls over a chain it leaves behind it a slime, 
which frequently contains fragments of still unchanged oxyphil granules. 
When the attack is very vigorous the slime is so abundant as to be 
readily seen. So far as my observations go a chain which has a coating 
of slime which can be detected under the microscope never grows. In 
one case I saw the actual production of the slime. It is the seventh 
cell in the column on p. 367, and it was extended and moving along a 
chain of anthrax. At the hind end of the cell little blebs were formed 
at the surface, each of which had a dull appearance. They ran together 
to form the slime. 

The formation of the slime is not a consequence of, nor is it 
necessarily followed by, any diminution in the vitality of the 
cell. The movements after slime formation may indeed be more 
vigorous than before. It is, however, possible that such cells do die as 
a result of the process, though hanging drops fail to afford evidence of 
this. When the inflammatory process occurs within the body in the 
later stages a large part of the activity of the hyaline cells is devoted to 
the ingestion of oxyphil cells’. This process indeed may be carried to 
quite extraordinary lengths’, oxyphil cells which are apparently quite 
healthy being ingested. 

The effect of the attack of an oxyphil cell upon the aspect of the 
bacillus is interesting. A living growing B. filamentosus or B. anthracis 
under a high power has a dull translucent appearance, and shows no 


' In Mammals this occurs to # very great extent in the lymphatic glands which first 
receive the lymph from the inflamed area. 


2 Cf. Hardy and Keng. This Journal, xv. p. 861. 1894. 
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trace of structure beyond the brighter transverse lines which mark the 
junction of the segments of the chain. The effect of the attack may be 
limited to an increase in the refractive index of the material, which 
may be slight or may result in the development of a double contour. 
Fig. 8 shows the end of a chain of B. filamentosus before 
and after the attack of a cell. The coating of slime hold- 
ing the remains of three oxyphil granules is very obvious. 
The effect of the attack sometimes is to make the con- / 
tents of the rodlets appear curdled and discontinuous; 7 
and they seem to shrink away from the cell wall. Uf 

The production of a bactericidal slime by the oxyphil 
cells recalls the extrusion of a slime on to the external 
surface of the entomostracan Daphnia when it is are 
stimulated electrically or chemically. This slime un- - 
questionably serves to keep the carapace free from ectoparasites’ ; 
and confers on the animal the external cleanliness which is so 
striking a characteristic of this species as compared with other fresh- 
water entomostraca. | 

Do the owyphil cells or hyaline cells develope the one into the other ? 
I should say most emphatically that they do not. The reasons are two- 
fold. Prolonged observation of the events occurring in many hundreds 
of hanging drops has failed to furnish a single case of loss of identity, 
and oxyphil cells have been seen to divide and produce daughter 
cells of like kind, while hyaline cells have likewise been seen to 
divide and to produce daughter hyaline cells. The cells always differ 
in the type of ameboid movement, and in the refractive index of the 
cell-substance. Anyone who has witnessed the formation of the curi- 
ously active plasmodia, each of which includes both oxyphil and hyaline 
cells, and has seen such a plasmodium disperse after a period of active 
existence, enduring perhaps for 5 or 6 hours, into the same number 
of hyaline cells and of oxyphil cells as originally joined together 
to make it, will not readily believe that cells with such persistent 
identity and diverse function are merely developmental states of one 


another. And to my mind reasons of this kind, founded upon observa-— 


tions which directly touch the life of the cells, transcend an indefinite 

number of observations of what are vaguely styled “transitional forms” 

in preparations from fixed material. Wandering cells are specially 

prone to suffer change in the process of fixation, and, according to my 

experience, and the experience of those who demonstrate these cells to 
1 Hardy. This Journal, xitI. p- 309. 1892. 
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classes, an undiscoverable variation in the mode of procedure will 


produce alterations which will furnish an ve series of transitional 
forms. 
It should be remembered that this question, like many other 


histological questions, cannot be put to the test of a decisive quanti- 
tative experiment. In this, as in other similar questions, however, the 


general knowledge of tissue change in animals indicates pretty clearly 


_ the one of several alternatives which is the most probable solution. In 


this particular case one may say that all the evidence available goes to 
show that specialised tissue cells cannot manifest marked change of 
function. The many cases of discontinuity of function in a structure, 
such as occurs in ¢.g. ossification, or in the change from the gut of the 
caterpillar to that of the imago, are accompanied by a destruction of 
preexistent cells, and the production of new cells from latent embryonic 
cells which: are fitted to carry out the new functions. Thus general 
considerations drawn from conditions in which, if anywhere, tissue cells 
might be expected to manifest the phenomena of metaplasia, place the 
balance of probability very much in favour of the view that the very 
much differentiated wandering cells of the higher members of any | 
animal series such as the Crustacea or the Vertebrata are permanently 
distinct: and the assertion to the contrary demands therefore a corre- 
spondingly convincing amount of experimental evidence. 

This concludes the chief part of the paper. Certain minor points 


- remain to be dealt with. 


Formation of plasmodia. I have again observed this just as 
Kanthack and Hardy described it. Oxyphil cells and hyaline cells 
come togéther to form a mass which shows no trace of limits between 
cell and cell, and manifests confused writhing movements without 
progression. This plasmodial phase is temporary only in Vertebrates, 
but it is always present in Nematodes’. 

Character of the movements of the oxyphil cells. When a cell is 
wandering through the serum amid the invisible fibrils of fibrin 
pseudopodia are protruded at the anterior end which may be filiform, 
so that there is as it were a fringe of waving processes, or thick 
and blunt. When the cells are in contact with bacilli the movements 
however are often very singular. They are: 

1, Streaming: this is like a flowing of the cell substance over the 
chain. 


1 Cf, Nasanow for observations on wandering-cell tissue in Ascaris. Arch. de 
Parasitologie, 1. p. 170. 1898. 
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2. Peristaltic: this does not lead to progression. The extended 
e cell thickens at one end and the thickening travels as a wave slowly 
to the other end, where it is as it were reflected and so travels to and fro. 

3. Pulsating : the whole cell body rhythmically expands and 
contracts in some one plane. | 

4. Bending movements: the cell, elongated along a chain, will 
bend and then straighten rhythmically and regularly. The extension 
appears to be due to the elastic recoil of the bent bacilli. 

The last movement may be compared to another action. A long 
thin pseudopodium, which may be 20 to 30 yu long, is thrust out from a 
cell attached to one end of a chain to the other end of the same chain. 
The pseudopodium is then retracted slowly, bending the chain at the 
same time: at a certain stage the force of the elastic recoil of the 
chain proves too great and the chain slowly extends, drawing with it 
the pseudopodium. The action is rhythmic and it offers marked 
periods of activity and fatigue. It may end in the breaking of the chain. 
‘or in the pseudopodium being torn from its attachment to the chain. 

The movement of the granules in a cell offers the clearest evidence 
that they are not connected to one another by bars or threads'. They 
move quite independently of one another, sometimes singly, sometimes _ 


Fig. 9. Mag. 1000 diams. oc, 8, ob. apoch. 2mm, Zeiss. Camera lucida. Fixed with 
formaline vapour. Note shrunken granules at the north end of the cell. 


in small groups from one part of the cell to another. For instance in 
such a cell as is shown in Fig. 9 single granules will travel from the 


1 This point will be discussed more fully in a later paper. 
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body of the cell to the peripheral mass at the extremity 5 the 
pseudopodium. 

“ Waiting” of the hyaline cells. In a freshly made sie drop 
both oxyphil cells and hyaline cells are in the ordinary ameboid 
phase. Very commonly, or most commonly, the latter after a few 
minutes cease to move, but remain extended in the most irregular 
shapes; in some cases they extend as thin plates which become more 
and more tenuous until they are barely visible. After a longer or 
shorter interval the cells resume their amceboid movements. Nothing 
in the actions of these cells gives one so vivid a sense of the great 
difference between the oxyphil cells and the hyaline cells, and no 
description will succeed in conveying an adequate idea of the singularity 
of the phenomenon. When an oxyphil cell is motionless it is spherical, 
or only slightly irregular. Hyaline cells which show no signs of 
movement for an hour or more will exhibit the wildest irregularities of 
form. They may expand as thin plates, or they may thrust forth 
delicate pseudopodia which extend over more than one field, or even 
traverse the drop from top to bottom. If the surface tension of the 
cell differs from the surface tension of the fluid then these irregular 
shapes imply the existence of strains in the cell-substance which it 
endures in consequence of either a temporary loss of its fluid characters, 
or of the continuous expenditure of energy. 

Fission of a hyaline cell while it is ingesting a chain. The bacillus — 
_ was B. filamentosus, and the event is singular as showing that a cell can 

divide even when actually ingesting a foreign body. The details are 
as follows : 


Time 0 minutes. Figure 10 a: hyaline cell crawling north over a short 
chain. 
Still moving north. 
ved goa ae Cell in bending the north end of the chain and bringing it 
_ into a vacuole. 
Figure 10 The cell has divided: and a daughter 
cell has moved north. It contains a vacuole enclosing 
a small Jength of the chain. 
mee Sie The daughter cell has moved south — over the other 
daughter cell. (Figure 10 c.) 
The first daughter cell has moved past the second daughter 
cell on to the south part of the chain. 


The notes and drawings are very definite and I do not think it 
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possible that the advent of a second cell between the 18th and 50th 
minute was overlooked. 


A 


Fig. 10. 


The source of the bactericidal power of the body. Certain points in 
this series of observations have a special bearing on this question. In 
the years between 1885 and 1890 two views arose, one which is 
associated with the name of Metschnikoff, referred the bactericidal 
power of the body to the phagocytic powers of the wandering cells; the 
other, attributable in the first instance to the discovery by Fodor and 
Nissen of the bactericidal power of serum, regarded it as due to the 
chemical constitution of the body fluids. The supporters of the cellular 
theory, however, affirmed that the bactericidal power of blood serum is 
developed after the removal of the blood from the body; and the work 
of Buchner and Hankin went to show that it arises as a result of the 
solution in the serum of substances set free by the breaking up of the 
white corpuscles. In this way the humoral and the cellular hypotheses 
seemed in a fair way to be reconciled. One could picture the bactericidal 


power of the normal animal as being due to an internal secretion, the _ 


secretory agents being the wandering cells. 

_ The observations recorded in this paper appear to me to make 
it difficult to accept such an explanation of the high immunity to 
B. filamentosus possessed by the frog. They show throughout that 


the retardation of the growth of chains is affected by actual contact 


with cells. A chain which is only lw» or 2y distant from active 
oxyphil cells will grow as readily as chains which lie in regions 
completely free from these cells, And if oxyphil cells come into 
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contact with the whole of a chain with the exception of the two 
terminal rodlets, as was the case in one instance, these terminal rodlets 
appear to grow as freely as any others in the drop. In other words, 
there is no evidence of the production in these hanging drops of a 
soluble diffusible bactericidal substance, the . antibiotic agent is a 
colloidal slime which remains adherent to the bacilli. Even a fairly 
large dose of a culture does not lead to the destruction and solution 


of the bodies of the cells; and B. filamentosus grows freely from spores 


or from already germinating plants in centrifugalised frog’s serum. 

Now if we put aside all general theories of immunity and confine 
the discussion to an analysis of the complete immunity which the body 
of a frog possesses for B. filamentosus we have the following considera- 
tions : 

The immunity may depend upon the fact that the chemical compo- 
sition of the normal plasma of the blood or lymph is such as to render 
it either merely unsuitable as a nutrient medium, or actually harmful 
to these bacilli. The free growth in the freshly separated serum gives a 
general indication that =“ natural chemical immunity is small or 
absent. 

The immunity is certainly i in part due to that destructive action of 
the cells upon the bacilli which, as we have seen, demands actual 
contact. Immunity to natural infection by any chance spores or rods 
of B. .filamentosus which might succeed in passing whatever barriers a 
mucous surface interposes can be referred chiefly, if not entirely, to this 


direct cellular action. 


Is there therefore produced. at any time a temporary chemical 
immunity due to the solution in the body fluids of substances derived 
from the wandering cells? The most probable answer is yes.. This 
would be the second, or if one includes the mechanisms of the mucous 
surface, the third line of defence. It can be shown in hanging drops 
that if the concentration of the bacilli, or more properly of the medium 
in which they have been living, be made very great it leads to a 
destruction of wandering cells, which is accompanied, in the case of the 
oxyphil cells, by a partial or complete solution of their granules. The 
facts can be demonstrated by placing side by side a drop from an active 
culture, preferably of B. anthracis, and a drop of lymph, and bringing 
their edges into contact. In the region of junction one can see that the 
great change in the constitution of the medium due to the advent of the 
constituents of the broth and the products of the activity of the bacilli 
kills a large number of the oxyphil cells. They become spherical and 
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are seen to contain only a few granules, as compared with cells in the 
lymph remote from the bacilli, or only curdled masses produced by the 
swelling and fusion of such of the granules as remain. Others, however, 
become motionless but still retain all their granules. A few retain their 
activity so far as to move on to chains of bacilli, when they rapidly 
extend, and may there show singularly complete loss of granules. Now 
in the living animal this high concentration of abnormal chemical 
substances is produced artificially when a considerable quantity of a 
culture is injected into a lymph sac, and naturally when, either from 
mechanical injury or otherwise, necrotic tissue offers a shelter to 


invading bacilli. 


SUMMARY. 


The chief points noted in this paper are the following : 

1. Actual measurements show that contact with an oxyphil cell of 
frog’s lymph retards or stops the growth of a chain of B. filamentosus. 

2. The action. of the cells (upon B. filamentosus) is generally 
determined by temperature. Below 19°C. the cells commonly com- 
pletely arrest growth: between 20° and 25° the growth is only retarded. 

3. The cells exert the action by coating the chain with a slime 
which is derived from the oxyphil granules. 

4. Contact with a hyaline cell does not necessarily have any effect 
_ whatever upon the rate of growth of B. filamentosus. If the bacillus is 
enclosed within vacuoles developed in the cell-substance then retarda- 
tion of growth occurs. 


PH, XXIII. 26 


> 
Rey. 
aS 
of 
€ 
3 
4 
“dl 
“a 
om 
= 
is 
3, 


THE ACTION OF ARSENIC ON THE BONE-MARROW 
AND BLOOD’. By RALPH STOCKMAN, M_D., F.R.C.P.E., 
Professor of Materia Medica, University of Glasgow, anv E. D. 
W. GREIG, MB, Assistant to the Professor of Pathology, 
University College, London. (Plate 


ern} the Laboratory of the Royal College of Physicians 
of Edinburgh.) 


ARSENIC is known to have a remarkable effect in increasing the 
number of red blood corpuscles in some cases of pernicious anzemia, of 
leukemia, and of lymphadenoma, although not infrequently in these 
diseases the blood condition is not perceptibly improved by its admi- 
nistration. In malarial ansmia also its hematinic value cannot be 
doubted, although its mode of action remains obscure. In chlorotic 
anemia it is very commonly given along with iron in the belief that 
it hastens and improves corpuscle formation, yet cases treated with 
arsenic alone do not show any signs of improvement in the blood 
condition or otherwise*. In health also it is incapable of increasing the 
- number of red corpuscles above the physiological maximum, but this is 
equally true of all-other tonic or dietetic measures, and @ priori, 
therefore, one would not expect it to do so. So far as we have been 
able to discover, no experimental or other attempt has been made to 
explain the effects of arsenic on blood-corpuscle formation in those 
diseases in which it has proved of value clinically, and it was in the 
hope of obtaining some information in this direction that we under- 
took the present research. Our observations were made on young and 


adult rabbits, and on young 7 the arsenic being given in small doses 
over long periods. 


1 The expenses of this research were defrayed by grant from the British Medical 
Association. 


2 Cp. Stockman, B. M. J., 1893, 
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Observations on Rabbits. 


Five young healthy rabbits were taken from the same litter, and 


when they were between three and four weeks old, arsenic in small — 


doses was administered daily to three of them, while the other two were 
kept for purposes of comparison. A 1 per cent. solution of arsenious 
acid made up with water and sodium carbonate was used, so that 
actually arsenite of sodium was the form in which it was administered. 
The solution was given hypodermically. The blood was examined 


almost daily with the Thoma-Zeins hemacytometer and von Fleischl’s. 


heemoglobinometer. 


Osszrvation I. Duration 68 days. 


Days 1—8. Control of blood examination. > Dachas this time the red 
corpuscles were found to range between 5,397,000 
and 5,712,000 per cub. mm. The hemoglobin kept 

- constant at 60 per cent. 
-9—20. 1/50 grain arsenious acid daily. 


» 20—25. 1/33 ,,. 
» 26—37. 1/25 ,, 
» 88—42, 1/16—1/11 
» 43—68. 1/10 ,, 


On the 68th day it showed symptoms of paralysis (apparently from 
arsenical neuritis) and was killed. It had remained up to this time in perfect 
health, and its weight had increased from 535 to 840 grms. In the same 
time the weight of the control rabbit had risen from 370 to 800 grms., while 


its blood remained practically constant as regards corpuscles and hemoglobin. — 


During the whole time of the arsenic administration no change took place 
in the number of red or white corpuscles nor in the amount of hemoglobin, 
nor were any morphological changes observed in the cellular elements, although 
the blood was frequently examined both fresh and in films variously stained. 
On post-mortem examination no changes were found in any of the organs 
except the bone-marrow. (The cord and peripheral nerves were not examined 
microscopically however.) In all the bones the marrow was strikingly and 
quite distinctly of a deeper red colour than in the case of the control which 
had received no arsenic, and which was killed at the same time. The bone- 
marrow was fixed immediately in corrosive sublimate solution, hardened in 
alcohol, and then cut in paraffin. Numerous serial sections were made, and 
stained with hematoxylin and eosin, or with methyl-blue and eosin. The 
marrow from the control rabbit was treated in the same way. 

26—2 
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OsservaTion II. Duration 43 days. 


Days 1—2. Control of blood examination. Red corpuscles 5,568,000 
oe per cub. mm. Hemoglobin 58 per cent. 
»  938—43. 1/50—1/14 grain arsenious acid daily. 


It died on the 43rd day with symptoms of paralysis. During all this 


time the corpuscles and hemoglobin remained practically constant; the 
weight rose from 590 to 740 grms. and its health appeared perfectly good. 


The bone-marrow was much deeper in colour than in ordinary rabbits; it 
was preserved and examined as in Obs. I. 


Onseevation III. Duration 82 days. 


Days 1—3. Control of blood examination. Red corpuscles 5,360,000 
to 5,600,000 per cub. mm. Hemoglobin 65 per 
| cent. 
»  4—82. '1/50—1/12 grain arsenious acid daily. 

All this time the rabbit remained in perfectly good health, and its weight 
increased from 520 to 820 grms. It was killed on the 83rd day, as was also 
one of the control rabbits, the weight of which had increased from 662 to 
800 grms. On post-mortem examination both were found perfectly healthy 
in all respects, but the arsenic rabbit had bone-marrow of a much deeper 


colour than the other. The marrow from both was prepared and examined 
as before. 


OBsERVATION IV. Duration 9 days. 
This experiment was made on a young rabbit about 6 weeks old. 
Days 1—2. Examination of blood. 

» . 3—9. 1/20 grain arsenious acid daily. 


On the 9th day it died in complete paralysis, which came on suddenly. 
Its weight had increased from 415 to 430 grms., but no alteration whatever 


was observable in the blood. The bone-marrow of a much deeper colour than 


is usual. 
The only changes which we observed, hanes under the influence 


_ of arsenic were confined to the bone-marrow, the red-marrow being in 


every case increased in amount. We found no alteration in any of the 
viscera, nor in the corpuscles and hemoglobin. The greatly increased 
formation of bone observed by Gies? in young rabbits under small doses 
of arsenic was not present in our animals, but his control animals in 
some cases showed a similar condition, and altogether it does not appear 


1 Archiv f. expt. Path, vit, 1878, 
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to be a very constant effect. We are of opinion, however, that the new 
bone became somewhat more dense in the rabbits which received 
arsenic as compared with those which did not. The increase in weight 
and growth was practically at the same rate whether the rabbits got 
arsenic or not. We observed no fatty degeneration such as occurs in 


fatal poisoning with large doses of arsenic, nor was there any special 


increase of fatty or connective tissue anywhere. 

Description of the Bone-marrow. The structure of normal bone- 
marrow from a young rabbit is shown in Figs. I. and III., under a low 
and higher power of the microscope respectively. It is made up of 
numerous large fat cells, very few capillaries, and ordinary nucleated 
marrow cells with a few red blood corpuscles free among them. An 
occasional large myelocyte is seen and a few eosinophil cells. Figs. 
II. and IV. show the appearance of the marrow in our rabbits which 
received arsenic. The difference is extremely striking, especially in the 
great increase in the number and size of the capillary vessels, which are 
distended with red blood corpuscles. There is also a much larger 
number of red corpuscles free among the marrow cells. The fat cells 
are much smaller and have to a large extent disappeared. The marrow 
cells also are greatly increased in number and are more closely packed 
together, this being allowed by the great diminution in the amount of 
fat. Under a higher power the fat cells which remain are seen to be 
small, and have an atrophied look. The large marrow cells in many 
instances contain bodies which seem to be red blood corpuscles, and 
several eosinophil cells are present in the field. 

Stated shortly the marrow presents the following changes—greatly 
increased vascularity, a great diminution of fat, and a greatly increased 
number of marrow cells. The whole appearance denotes a general 
stimulation and increased function in the bone-marrow. 


OssErvaTION V. Adult Rabbit. Duration 145 days. 


Days 1—20. Control of blood examination. Red corpuscles 5,587,000 
to 6,176,000 per cub. mm, Hemoglobin 60—69 


per cent. | 
» 21—75. 1/25 to 1/9 grain arsenious acid daily. 
” 76—145. 1/9 


During this time its weight increased from 1950 to 1970 grms., it re- 
mained in good health, and the corpuscles and hemoglobin kept within the 
original limits. There was no morphological change in the blood. The rabbit 
was killed at the same time as a control animal which had been kept under 
the same conditions. The organs of both were healthy. 
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In the arsenic rabbit the bone-marrow was somewhat more red than 
in the control, but the difference was not so marked as in the young 
animals. On microscopic examination, however, the same changes 
were seen as in the others, and are shown by comparing Figs. V. and 
VI. The changes are not so decided as in younger animals, but the 
increase in the blood supply and in the number of marrow cells and 
the decrease in the amount of fat are quite unmistakable. There is, 
in short, here also, evidence of very considerable stimulation of the 
marrow. 


Observations on Dogs. 


Five puppies were taken from the same litter of small terriers, and 
when five weeks old the arsenic was given to three of them daily by 
the mouth in milk. 


I. Duration 82 days. Red corpuscles 3,424,000 per cub. mm. 
Heemoglobin 50 per cent. 


Days 1—66.. 1/50 to 1/5 grain arsenious acid daily, © =| 


It remained in good health and when killed all its organs were found to 
be healthy. The bone-marrow was slightly more red than in the control 
puppy. Its weight increased from 1195 to 2160 grms., and the corpuscles 
and hemoglobin to 5,670,000 and 60 per cent. respectively. In the control 


_ the corpuscles and hemoglobin had increased during this time from 4,048,000 


and 45 per cent. to 6,090,000 and 60 per cent., and the weight from 945 to 
2395 grms. | 
Oxpsrrvation II. Another of the dogs showed exactly the same conditions 


under arsenic and therefore we omit details, as the time and doses were 
almost exactly similar. 


OssgrvaTion III. Duration 112 days. 

This dog got almost the same doses as in Obs. I. Its corpuscles and 
hemoglobin increased from 3,080,000 and 45 per cent. to 5,660,000 and 60 
per cent.; its weight from 835 to 1350 grms. In the control pup the cor- 
puscles and hemoglobin rose from 3,792,000 and 45 per cent. to 5,776,000 
and 60 per cent, 


Arsenic, therefore, in young healthy dogs cannot be said to have 
affected the red corpuscles and hemoglobin, nor to have increased the 
body-weight, as compared with young dogs at the same age and grow- 
ing rapidly. On microscopic examination the only change seen in the 
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bone-marrow of the arsenic dogs was a slight increase in the number 
and prominence of the capillary blood-vessels. © 

The changes in the bone-marrow of the dogs were much less 
marked than in the rabbits, and this may be due to the fact that the 
arsenic was given subcutaneously in the latter and by the mouth in 
the former. Bunt it may depend on the animal rather than on the 
mode of administration. In this connection it is worthy of remark that 
in young rabbits no increase of the red corpuscles or hemoglobin took 
place whether arsenic was given or not, but in young, growing dogs a 
great increase occurred both in the arsenic and non-arsenic animals. 
No other changes were visible in any of the viscera, and only very 
slightly in the bones. : | 


ConcLUSIONS. 


It is evident that in healthy animals arsenic does not increase the 

number of red or white corpuscles, nor the amount of hemoglobin. 
_ This, however, is capable of being interpreted in two widely different 
ways: (1) The arsenic may stimulate the formation of red blood 
corpuscles, but theré may occur simultaneously a corresponding increase 
in their breaking down, so as to keep the number present in the blood 
at a constant quantity. We found no evidence of increased breaking 
down so far as any increase of iron pigment could be detected in the 
liver, spleen, or other viscera. (2) In heulth there may be no increased 
_ formation of corpuscles under the action of arsenic. As before remarked 
it seems to be impossible by any method of treatment to increase the 
_ number of red corpuscles in health beyond their physiological maximum. 
A limit is apparently set, but by what physiological mechanism in the 
organism it is impossible to say in the present state of our knowledge. 
As iron, good food, tonics, and other means (except high altitude) all 
fail to increase the richness of the blood in corpuscles and hemoglobin, 
it need not astonish us that arsenic also fails in health. 

As regards its action as a hematinic in pernicious anemia and 
other morbid conditions, our experiments point very conclusively to 
a stimulation of the bone-marrow. In these cases, however, although 
_ it may increase the number of blood corpuscles, it does not, so far 
‘as we can see, affect the real cause of the disease and therefore must 
be considered as a purely symptomatic method of treatment. 
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PLATE V. 


1. Normal bone-marrow from upper end of femur of young rabbit, x 60 
diams. It shows numerous fat cells (the white spaces), marrow-cells, and 
two large blood-vessels in centre of field, but few elsewhere. 


2. Bone-marrow from upper end of femur of young rabbit after 
administration of arsenic for 60 days, x 60 diams. It shows the numerous 
blood-vessels, marrow-cells increased in number, very few fat cells and these 


distinctly atrophied. There is a large blood-vessel on left-hand side of © | 
figure. 


3. Same as Fig. 1x 300 diams. It shows numerous large fat cells, 
marrow-cells, a myelocyte, eosinophil cells, and some red blood-corpuscles. _ 
4. Same as Fig. 2x 3000 diams. It shows the blood-vessels greatly 


~ increased and filled with corpuscles, numerous marrow-cells, one myelocyte, 


fat cells few and atrophied, and eosinophil cells. 


5. Normal bone-marrow from middle of femur of adult rabbit, x 60 diams. 


It shows very numerous fat cells, marrow-cells, and a few small blood- 
vessels. | 


6. Bone-marrow from middle of femur of adult rabbit after administration 
of arsenic for 125 days. It shows increase in number and size of blood- 
vessels, decrease in number and size of fat cells, more numerous marrow-cells. 
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CORTICAL LOCALISATION IN ORNITHORHYNCHUS. 
By CHARLES J. MARTIN, M.B., D.Sc., Acting-Professor of 
Physiology in the University of Melbourne. (Four Figures in 
Text.) 


On two occasions I have had an opportunity of investigating the result 


of stimulating the cortex of Ornithorhynchus with a faradaic current. 


On both occasions the results were practically identical although on 
the last I was able to accomplish my end more efficiently with the 
advantage of my previous experience. 

Ether was first given by sprinkling a few cubic centimetres on 
a towel and enveloping the head of the animal in it. This was 
sufficient to completely anwsthetise it in less than a minute. Trache- 
otomy was then — and ether given as necessary from a Woullf’s 
bottle. 

The skull cap was wholly removed. Care must be taken in the 
middle line as the falz cerebri is bony. There is no longitudinal sinus 
and this removal can be accomplished without any hemorrhage of 
significance. The dura mater was then turned back, and excitation 
commenced. To obtain positive results it is absolutely essential that 
the anesthesia be light. The best results were obtained when this 
was only just adequate to abolish the reflex movements of the animal. 

The accompanying figures which represent the brain of Ornitho- 
rhynchus (natural size) show as shaded areas, the situations stimulation 
of which aroused movements of the opposite side of the body. The 
whole cerebrum is quite smooth, so that the superficial veins running 
forward and emerging at the front end (V) have to serve as guides for 
localisation. These veins were fairly constant in arrangement in all 
the brains (7) I have hitherto examined, and as the localisation is not 
very exact, serve this purpose well enough. ; 

The easiest movements to obtain were those of the eyelids of the 
opposite side. Stimulation of most parts of the anterior half of the cortex 
caused screwing up of the opposite eyelids, but this movement was 


_ aroused with the weakest currents at area (2). Stimulation of area (3) 
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always caused opening of the eyelids. I could not determine any 
definite movements of the eyes themselves. The eyes of platypus are 
very rudimentary and deeply embedded in the thick fur, which makes 
observation difficult. 

Stimulation of area (1) caused contraction of the anterior portion of 
the opposite paniculus muscle, causing the head to be rotated to the 
opposite side and drawing forward the shoulder. Stronger stimulation 
of this area, and more particularly of the posterior portion of it, caused 
in addition definite advancement of the shoulder with flexion of the 
elbow and extension of the wrist followed by retraction of the shoulder, 
extension of the elbow and flexion of the wrist. The movement was 
precisely that of the fore limb of the animal when digging a burrow. 
Stimulation of area (4) which is mostly on the median surface of the 
cerebrum, caused well-marked retraction of the head; in this move- 
ment the muscles of both sides were set in action but mostly those of 
the opposite, and the head was drawn over to the latter side. 

I have never been able to excite the slightest movements of the 
hind-leg' or tail, even by the strongest stimulation of the cortex. I 
explored the whole of the median surface and convexity of the cerebrum 
but at no other regions could I excite movements. 

Precise local differentiation of individual movements does not exist. 


Fig. 1, Natural sized drawing of the brain of platypus from above showing shaded areas 
stimulation of which caused movements of the opposite side of the body mentioned in 
text; V. cerebral veins. 

Fig. 2. ditto from the side; V. cerebral veins; A. cerebral arteries. 


1 A similar difficulty in discovering an area representing the hind-limb in the brain of 
the Opossum was experienced by R. H. Cunningham (This Journal, xxu. p. 264. 
1897-8) and Ziehen (Centralbl. f. Physiol. x1. 457. 1897); the former failed to discover 
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By trying many times I could not separate the large area (1) into 
localities representing the different movements evoked by stimulating 
there. 7 
During the experiments the positions stimulation of which gave a 
positive result were localised in relation to the veins on a drawing of 
the brain as seen when the skull-cap was removed. The animal was 
killed immediately afterwards, the brain removed, and natural sized 
_ drawings (Figs. 1 and 2) were made. To these figures the areas noted 
on the first drawing have been transferred. In addition I have drawn 
transverse sections of the same’ brain hardened in Miiller’s fluid, 
through the regions of these “ motor areas” (Figs. 3 and 4). The areas 
which gave positive results are represented in these figures by a thick 
black line on the surface of the cortex. (1, Fig. 3, and 4, Fig. 4.) 


at 


rhen met. com. 

Figs. 3 and 4. Sections of brain across lines marked in Fig. 1. 1 and 4. Areas — 
stimulation of which gave positive results seen in section. III v. third ventricle; h.c. 
hippocampal or fornix commissure; a.p.f. anterior pillars of the fornix; rh. en. 
Rhinencephalon; ant. com. anterior commissure; c.s. corp. striatum; J. lateral 
ventricle; g.h. hippocampal gyrus. 


In conclusion I wish to acknowledge my indebtedness to the 
Rev. Mr Hagenauer, of Stratford, Victoria, for his kindness in procuring 
for me a live specimen of platypus. Mr Hagenauer has done yeoman 
service for biological science, for it was from him that Sir Richard Owen 
obtained most of his valuable monotreme material. 
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OBSERVATIONS UPON THE DEEP AND SURFACE 
TEMPERATURE OF THE HUMAN BODY. By M. S. 
PEMBREY, M.A., M_D., Lecturer on Physiology, Charing Cross 
Hospital Medical School, anp B. A. NICOL. (Two — in 
Text.) 


(From the Physiological Laboratory, Charing Cross H. ospital 
Medical School.) 


Introduction, 
Method of Observation. 
Daily Variation in Rectal Temperature. 
Daily Variation in Temperature of Urine. 
Effect of Muscular Work upon Temperature. 
Effect of Mental Work. 
Effect of Rest and Sleep. 
Effect of Food. 
Comparative Determinations of Temperature in Rectum, Urine, Axilla and 
Mouth under Various Conditions. 
10. Surface Temperature in Various Parts and under Different Conditions. 
11. Short Account of Previous Work. 
12, Summary of Results of ae Observations. 
13. Appendix. 


1. Introduction. The observations upon the temperature of the 
human body are so numerous that it might appear unnecessary labour 
and waste of time to augment their number. Such, however, is not the 
case. A careful examination’ of previous work shows that there is a 
need of long series of observations upon the deep and surface tem- 
perature of healthy men. Clinical observations upon the temperature 
of patients are exceedingly numerous, but careful determinations of the 
internal temperature of healthy men are relatively few* 

For obvious reasons of convenience and delicacy most determinations 
of the temperature of man have been made in the mouth or the closed 
axilla, It has been maintained by some observers that the temperature 


1 Pembrey. Article ‘Animal Heat,” Text-book of edit. by Schiifer. 1. 
788. 
2 Richet. La Chaleur Animale, p. 62. 1889. - 
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of these parts of the body indicates the deep temperature; thus 
Ringer and Stuart? state that “due care being taken and sufficient 
time allowed, the temperature of the axilla is always identical with 
_ that of the mouth, and with that of the rectum four or six inches above , 
its termination”; Ogle’ says that if the thermometer be warmed by 
the hand and then kept under the tongue in the closed mouth for eight 
minutes, the reading is the same as that obtained by inserting the 
thermometer in the urine as it leaves the body. The observations, 
upon which these statements are based, do not appear to have been 
published. Other observers* have given.the results of simultaneous 
determinations which show that the temperature of the mouth and 
axilla is below that of the rectum and urine. There are, however, few 
series of observations upon the variations in the temperature of the 
rectum and urine. 

The observation of the inteek temperature of the body has been 
greatly neglected, owing chiefly to the stress laid by some physiologists 
upon the necessity of complicated thermoelectric methods in such 
determinations, It is possible, however, to readily obtain valuable 
results by the use of a simple flat bulb mercurial thermometer*. Such | 
results are comparable and are of the utmost value in the study of 
normal and abnormal temperature in man; they may not be absolutely 
exact, but yet they have, as we shall subsequently show, values very 
similar to those obtained by other observers with the thermoelectric 
method. Moreover what is lost in exactitude is more than compensated 
by the ease with which numerous determinations are obtained. The 
thermoelectric measurement of surface temperature is too complicated 
and tedious for adoption in ordinary clinical study, but the flat bulb 
mercurial thermometer can be easily employed. 

2. Method of Observation. During the last two years we have 
made upon ourselves numerous observations of the deep and surface 
temperature of the body under various conditions. The deep tem- 
perature was determined in the rectum or in the stream of urine as it 
_ left the body. The thermometers were clinical thermometers with 


1 Proc. Roy. Soc. London, xxv. p. 186. 1877. 

2 St George’s Hosp. Rep., London, 1. p. 223. 1866. 

3 This Article p. 400; also ‘‘ Animal Heat,” loc. cit. p. 824. 

4 Davy. Phil. Trans., London, crv. p. 598. 1814; ‘* Researches,” London, 1. p. 150. 
1839. Waller. Proc. Physiol. Soc. This Journal, xv, 1894. Hale White, Croonian 
Lectures, Brit. Med. Journ., London, 1. +P 1654, 1897. Pembrey. Proc. Physiol. Soc. 
This Journal, xx1. 1897. 
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small bulbs; they were very sensitive and were standardized. The 
bulb of the thermometer, which was generally carried in the waistcoat 
pocket, where the temperature is about 27:0°, was inserted about 4 cm. 
into the rectum and retained there for 2—3 minutes. Test experiments 
showed that in this interval of time the column of mercury in the 
thermometer became stationary. 

The method of taking the temperature of the urine was employed 
by Stephen Hales’, Martine*® and Blagden* more than a hundred 
years before Oertmann‘ described it as a new method of observation. 
It is a rapid and convenient method, but is obviously limited in its 
application. Observations were only made when the quantity of urine 
was such as to cause a normal desire for relief, and the thermometer 
was generally taken from the warm waistcoat pocket before insertion 
in the stream of urine. The bulbs of the thermometers were 1‘5 cm. 
long, with a diameter of 2mm. Test experiments showed that the 
passage of 82 c.c. of urine over such a bulb was enough to raise the 
column of mercury to the point indicating the temperature of the urine ; 
a further quantity 100 c.c. of urine discharged over the bulb did not 
cause any additional rise in the mercury. 

It is obvious that the urine begins to cool, chiefly by evaporation, 
directly it leaves the body, and even during its passage down the 
urethra there must be a slight loss of heat by conduction. These 
unavoidable sources of error are shown by the comparative experiments 
upon the temperature of the urine and rectum; the error must neces- 


sarily be a variable one, since the loss of heat will depend upon the 
difference between the internal temperature of the body and the 


temperature of the air. Moreover the air shows marked variations in 
temperature and moisture not only during different seasons but also at 
different times of day. The error, however, is in careful observations a 
slight one and the comparative experiments show that, after the rectal 
temperature, that observed in the urine best represents the internal 
heat of the body. 

3. Daily Variation in Rectal Temperature. The daily variation in 
the temperature of the rectum is shown by the following curve, based 
upon the average results of three hundred and forty-three observations 
made by one of us (N) at different times of day and night during a 


1 Statical Essays, London, 2nd edition, 1. p. 59. 1731. 
2 Essays, Medical and Philosophical, p. 335. 1740. 

Phil. Trans. London, txv, pt. 1, p. 114. 1775. 

4 Arch. f. d. ges. Physiol., Bonn, xvi. 8. 101. 1878. 
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period of about nine months. For some hours the observations are 
relatively few owing to the exigencies of work and sleep, but in no case 
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Hours of rest and sleep 


2 


Average mean 36°79. 
Highest mean 37°36. 
Lowest mean 36°12, 


A 
30 
37°36 
38°06 
37°00 
1°06 
6 


Fievre I. 


Hours of activity and work 


37°17 37°11 
37°04 
56 
1% 122 
Breakfast is taken between 7 a.m. and 8 a.m. 


Dinner or lunch about 1 p.m. 


Supper (about 9 p.m.) not regularly ikon: 


87°44 87°61 3800 37°11 37 
96-44 
1% 
10 
am. 
Tea between 5 p.m. and 7 p.m. 


14 15 13 12 12 18 14 17 12 156 WW 


is the average taken from less than eight determinations. The daily 
routine of life was that of a medical student, engaged in work at the 
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small bulbs; they were very sensitive and were standardized. The 
bulb of the thermometer, which was generally carried in the waistcoat 
pocket, where the temperature is about 27°0°, was inserted about 4 cm. 
into the rectum and retained there for 2—3 minutes. Test experiments 
showed that in this interval of time the column of mercury in the 
thermometer became stationary. 

The method of taking the temperature of the urine was employed 
by Stephen Hales’, Martine* and Blagden* more than a hundred 
years before Oertmann* described it as a new method of observation. 
It is a rapid and convenient method, but is obviously limited in its 


application. Observations were only made when the quantity of urine 


was such as to cause a normal desire for relief, and the thermometer 
was generally taken from the warm waistcoat pocket before insertion 
in the stream of urine. The bulbs of the thermometers were 1°5 cm. 
long, with a diameter of 2 mm. Test experiments showed that the 
passage of 82 ¢.c. of urine over such a bulb was enough to raise the 
column of mercury to the point indicating the temperature of the urine ; 
a further quantity 100 c.c. of urine discharged over the bulb did not 
cause any additional rise in the mercury. 

It is obvious that the urine begins to cool, chiefly by evaporation, 
directly it leaves the body, and even during its passage down the 
urethra there must be a slight loss of heat by conduction. These 
unavoidable sources of error are shown by the comparative experiments 
upon the temperature of the urine and rectum; the error must neces- 


‘sarily be a variable one, since the loss of heat will depend upon the 


difference between the internal temperature of the body and the 
temperature of the air. Moreover the air shows marked variations in 
temperature and moisture not only during different seasons but also at 
different times of day. The error, however, is in careful observations a 
slight one and the comparative experiments show that, after the rectal 
temperature, that observed in the urine best represents the internal 
heat of the body. | 

3. Daily Variation in Rectal Temperature. The daily variation in 
the temperature of the rectum is shown by the following curve, based 
upon the average results of three hundred and forty-three observations 
made by one of us (N) at different times of day and night during a 


1 Statical Essays, London, 2nd edition, 1. p. 59. 1781. 
® Essays, Medical and Philosophical, p. 335, 1740. 

Phil. Trans, London, pt. 1, p. 114, ‘1775. 

‘ Arch. f.d. ges. Physiol., Bonn, xvt. 8. 101. 1878. 
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period of about nine months. For some hours the observations are 
relatively few owing to the exigencies of work and sleep, but in no case 
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Breakfast is taken between 7 a.m. and 8 a.m. 
Dinner or lunch about 1 p.m. 


Tea between 5 p.m. and 7 p.m. ; 
Supper (about 9 p.m.) not regularly taken. 


9 10 1112 2 


14 15 13 12 12 18 14 


3663 3692 3604 37111 3693 369 


is the average taken from less than eight determinations. The daily 
routine of life was that of a medical student, engaged in work at the 
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Hospital and Medical School; the times of meals, exercise and sleep 
are indicated in connection with the curve of temperature. 

The curve shows that the minimal temperature 36°°12 occurs about 
2 o'clock in the morning and then gradually rises until about 7 a.m., 


' when the subject of the experiments got up and took breakfast; there 


is then a marked rise, 36°9, which continues until about 10 o'clock, 
when the temperature was 37°11. A fall of 0°21 now follows until 
about 1 p.m., when there is a rise due probably to the mid-day meal ; 
then there is a fall, followed by a rise to the maximum 37°36 at 6 p.m. 
From this hour the temperature steadily declines until the minimum 
36°12 is reached at 2 o'clock in the morning. 

The lowest temperature observed in the rectum was 36°00 between 
12 p.m. and 2 am., the highest? was 38°11 after slight exercise about 
1 o'clock in the afternoon. These figures give a range of 2°11. The 
average temperature between the hours 7 a.m. and 11 p.m., the hours 
of activity, is 36°98, that between 11 p.m. and 7 a.m., the time of rest 
and sleep, is 36°34. For a day of twenty-four hours the average is 
36°°79, while the maximum of the averages for the different hours is 
37°36 and the minimum 36°12; the average range is thus 1°24. 

4. Daily Variation in the Temperature of Urine. The temperature 
of the urine shows a daily variation similar to that observed in the 
rectum. The following curve has been constructed from the average 
results of three hundred and seventy-seven observations made by one of 
us (P) at different times, day and night, during the last two years. 
The determinations during the night are naturally few; between 1 a.m. 
and 6 a.m. only forty-one observations were made, but in no case is the 
average taken from less than six observations. 

The general feature of the curve is a rise during the hours of 


activity and a fall during the time of rest and sleep. The minimum 


36°25 is reached between 4 and 5 a.m., there is then a steady rise, . 
which becomes more rapid, when the observer got up between 7 and 
8 o'clock. Between 11 and 12 noon the temperature attains a height 
of 37°47 and then falls between 1 and 2 p.m. to 37°36; there is then 
a gradual rise until the maximum 37°54 is reached between 4 and 5 


-- In the afternoon. A gradual fall in temperature now occurs until 


7 p.m., when the decline proceeds more rapidly to the minimum. 
The times of meals have been indicated under the chart; the effect 

of food, however, is slight and will be discussed in another section of — 

this paper. | 


1 Records after a long walk are excluded. See p. 892. 
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An inspection of the figures already given shows that the lowest 
pin observed was 36°06 between 6 = 7 am., the highest’, 
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time of activity is 37°28, that between 11 p.m. and 7 am., the time of 
rest and sleep, is 36°47. The average for the twenty-four hours is 
37°01, the maximum of the averages for the different hours is 37°54 
between 4 and 5 p.m., the minimum 36°25 between 4 and 5 a.m., and 
thus the average range is 1°29. : 

5. The Effect of Muscular Work upon By many 
physiologists it is admitted that the effect of muscular work is to raise 
the internal temperature of the body, notwithstanding the increased 


_ loss of heat due to the greater vascularity of the skin, the increased 


evaporation of sweat and the quickened respiration. The importance, 
however, of the rise in temperature due to work has been minimised or 
overlooked owing to the fact that most observations have been made in 
the mouth. Some observers have even maintained that muscular work 
is accompanied by a fall in the internal temperature of the body. We 
will postpone the criticism of such results until we have stated our own 
experiments. 

In many of our observations we have taken the temperature, before 
and after exercise, in the mouth, rectum and urine, and the results 
show that muscular work causes a marked rise in the internal tem- 
perature. The temperature of the mouth in most of these cases is quite 
untrustworthy, in fact may be subnormal when the rectal temperature 


is above 37"°78. The following are examples :— 


Before After : 
exercise Time exercise Time Date Remarks 
Mouth 36°°00 26. x11. 97 
Urine 37°22* >, 37°94 over the Sussex Downs 
Mouth  36°°80 86°°32 27.x0.97 Digging for 45 minutes. 
11. 12.52— 
Urine 11 a.m. - 1,8 p.m. 
Rectum 87°55 87°94 
Mouth | 87°-22 16.vm1.97 Bicycle ride. 8 miles in 
Urine 87°56 4.00. 40 minutes. Sun shin- 
Rectum ) Pm. ing. T. of aix in shade 
19°, Body sweating, but 
not profusely; mouth 
feels dry. Only a small 
quantity of urine was 
Mouth 87°11 5°50 p.m. 16.vm1.97 After a rapid walk for 
Rectum 38°22 one hour. 
Mouth 36°44 5p.m. 86°94 6 p.m. 4.8.97 After walking for one 
Rectum 36°67 88°27 hour. 


* Only a small quantity of urine. 
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The next series of observations relate only to the rectal temperature. 


1897 Before exercise After exercise at this hour Remarks 
8. v. | 8 am 87°05 | 9 am. 37°88! 9am. 86°94 | 25 mins. walk. 
14, Vv. 8 99 37°05 9 ” 37 94 9 ” 86°94 ” ae 
12. vt. 86°88 | 9 87°88 | 9 ,, 86°94 
87°11 | 1 88°11 | 1lp.m. 87°17 | After exercise. 
7. v. | 10 pm 37°11 | 10.20,, 87°38 | 10 ,, 86°81 | After 15 mins. walk. 
86°78 | 10.20,, 87°38 | 10 ,, 86°81 
17. virz.| 11 a.m Stet Lk 88°33 | 1 ,, 87°17 | After 2 hrs. walk. 
2 pm. 86°78 | 2.35,, 87°94 | 2 ,, 87°11 | After 865 mins. walk 
86°67 | 6 ,, 88°27 | 6 ,, 87°36 | After 1 hr. walk. 
2 86°38 | 3 ,, 87°88 | 8 ,, 87°03 | After hr. walk. 
27. rx. | 5.80,, 37°11 | 6.465,, 88°50 | 7 ,, 87°18 | After 1} hr. walk. 


Many additional results are given in the appendix to this paper. 
The above examples are taken from observations chiefly made during 
the summer and winter vacations, when we were in perfect health and 
taking exercise daily. 

Exercise we have always found to cause a marked rise in the 
temperature. of the rectum and urine; the mouth sometimes showed a 
fall, sometimes a rise in semperators, but in the latter case the 
increased temperature was considerably below that of the rectum or 
urine. It is to be noted that the difference between the buccal and 
rectal temperatures was observed both in warm and cold weather, and 
that it was, as one would expect, more marked in the latter case. 

There appears to be little doubt that during exercise the increased 
evaporation of sweat from the skin of the face; the increased radiation 
from the more vascular skin; and the more rapid cooling of the nasal 
and pharyngeal passages, owing to the quickened respiration, lower the 
temperature of the mouth. The buccal temperature may be subnormal 
at a time when the real internal temperature of the body is one or two 
degrees above the so-called normal. 

For these reasons we believe that the temperature of the mouth 
under such circumstances is no indicator of the deep temperature of 
the body. It is not a question of breathing’ through the mouth during 
exercise, although it is often impossible to entirely prevent this, or of 
too short a time for the observation. In one of the cases above recorded 
the thermometer was retained for twelve minutes in the mouth and 
only indicated 37°11; even after twenty minutes the mercury stood at 
37°22, when the rectal temperature was 38°30. 

The further observations given in the appendix show that even the 

1 There is little doubt that during severe muscular work breathing through the mouth 


is of some value in lowering the temperature in the case of man, as well as in some 
animals. 
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activity involved in dressing in the morning will cause a rise of 0°28 to 
0°44 in fifteen minutes. At the same time we must point out that 
this rise is not entirely due to obvious muscular activity, for when the 
subject remained in bed the temperature showed a rise, although a 
smaller one, at this time in the day. 

The rectal temperature falls rapidly, when the muscular exercise 
ends and rest is taken, thus at 6.30 p.m. the reading of the thermometer 
was 37°39, the subject of the experiment then walked until 8.10 p.m., | 
when the temperature was 38°°2. Rest was now taken and by 8.30 p.m. 
the temperature had fallen to 37°16 and at 8.50 p.m. to 36°°9. 

6. The Effect of Mental Work. Our observations lead to the 
conclusion that mental work has little or no effect upon the deep 
temperature of the body. Reading during the evening was accom- 
panied by a steady fall in temperature. Mental work generally involves 
muscular rest, and this in turn a fall in temperature more than 
sufficient to mask any slight rise due to activity of the higher portions 
of the nervous system. In one experiment in which the rectal tem- 
perature was observed, during the study of a work new to the reader, 
the temperature even fell below the general average for that time of 
day. 


emperature 

Time of these 
7 p.m. 37°°27 37°18 
7.30 37:00 

8 36°89 37°06 
8.30 36°72 

9 36°61 36°92 


7. The Effect of Rest and Sleep. The curves of the daily variation 
in temperature show that the lowest point is reached during the time 
of rest and sleep; the minimum of the observations in the rectum 
was 36°00 and 36°06 in the case of the determinations of the 
temperature of the urine. The average of all the rectal observations 
taken between 11 p.m. and 7 a.m., the hours of rest and sleep, is 36°34 
as compared with 36°98, the average between 7 a.m. and 11 p.m., the 
hours of activity: the corresponding figures for the temperature of the 
urine are 36°47 and 37°28 respectively. 

The effect of sleep and rest is well shown by a comparison of the 
observations, made on days when the subjects of the experiments got 
up late, with those obtained when they arose early, 
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In bed = and reading 
No. of 
Time observations Average Average 
(5 a.m. 11 36°33 4 36°50 
Temperature | 6 1] 36°40 4 36°78 
of rectum | 7 6 36°46 8 36°78 
8 1 36°50 10 36°86 


The average temperature of the urine when the subject got up 
between 8 and 9 am. was 36°58, between 9 and 10 a.m. 36°59, and 
‘between 10—11 a.m. 36°72; whereas the temperatures for these hours 
on the days when he got up before 7 am. were 37°16, 37°61, and 
37°64 respectively. 

These results show that activity is a more important factor than the 
time of day in producing a rise in temperature; but at the same time 
they indicate a progressive rise with the time of day when the subject 
remained late in bed. This, however, can be attributed to an increase 
in the various activities of the body, for towards the usual time of 
awakening the sleep becomes less profound. 

An examination of the maximal and minimal temperatures observed 
in each of the twenty-four hours shows that the range between 7 a.m. 
and 11 p.m., that is during the hours of activity, is much greater than 
that between 11 p.m. and 7 am., the time of rest and sleep, The 
average range in the first period is 0°98 for the rectal observations, 
and 0°61 for those on the temperature of the urine, whereas in the 
second period the respective figures are 0°42 and 0°33% 

8. The Effect of Food. Food causes a slight rise in the 
temperature, but this is masked in the case of the evening meals by 
the fall in the daily variation in temperature; the chief meal of the 
day, dinner, was thus accompanied by a fall in the deep temperature. 

In other cases* the rectal temperature rises 0:17—0°39 immediately 
after the meal and then steadily declines for an hour or more, but does 
not fall to or below the temperature before the meal. The increase 
observed after food in the temperature of the mouth is relatively 
higher than that observed in the rectum; it is about 0°56 of a 
degree. This in some cases only may be due to warm food, but is 
mainly caused by the increased vascularity and muscular activity of 
the mouth, whereby the value of the buccal temperature is raised 

Ip taking, this average the two or three observations made after bioycle rides at 


midnight are neglected, 
2 For special observations see Appendix, 
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to that of the rectum. The difference is observed even when a cold 
meal is taken. : 

9. Comparative Determinations of Temperature in Rectum, Urine, 
Awilla and Mouth under Various Conditions. Upon the comparative 
value of the temperature observed in the rectum, urine, axilla and 
mouth there has been much want of agreement in the results obtained 
by different observers. This discord is to be attributed in part to 
individual differences in local temperature, in part to different 
conditions of experiment. Before discussing the previous work on 
the subject, we may give in tabular form the results of our comparative 
determinations. 

Number of 


Range Condition 
| 8 0°°47 0°28 to 0°72 After exercise (N). 
4 0-14 to 0°44 
M1 6 0-25 0°17 to 0°44 After food (N). 
8 0°30 0:19 t0 0:39 
6 0-11 00 to 0°33 Rest (N). 
3 i 3 0°31 0°17 to 0°44 cr? 
80 0-26 to 0°72 All conditions. 
3,10 0-91 0°39 to 1:38 After exercise (N). 
4 0°72 to 2°56 
12 ~0°001 0°38 to 0-22 After food (N). 
E 2 0°36 0°33 to 0°39 ” ” (P). 
32 0°28 0:06 to 0°50 Rest (N). 
Bel 3 0-90 0°38 to 1°67 » @. 
63 0°65 to 2°56 conaitiofis. 
a5 4 095 0-17 to 0°33 After food (N). 
30 0-22 0-06 to 0°33 Rest (N). 
84 0:06 to 0°38 All conditions. 
: 6 0-91 0°28 to 1°94 After exercise (P). 
8 0-08 -0°11 to 0°19 After food (P). 
11 0°58 0°17 to 1:38 ‘Rest (P). 
22 0°46 to 1°94 All conditions. 


* No observations were made in the axilla after exercise, this average cannot therefore 
be fairly compared with the others. 


These observations show that the comparative values of the 
temperature in different parts of the body vary under different 
conditions. This will in part explain the discord in the relative 
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figures given by different observers. We may with Lorain’ maintain 
that the temperature of the rectum alone represents the internal 
temperature of the body. On only one occasion did one of us find 
the temperature of the rectum 0°11 below that of the urine, and this — 
is explained by the fact that the rectal observation was taken as the 
last of a series upon the temperature of the urine, mouth and skin in 
a cold room in December. In several cases the mouth indicated 
a higher temperature than the rectum, but these were invariably 
determinations made immediately after a warm meal. 

10. The Surface Temperature in Various Parts and under Different 
Conditions. The observations upon the temperature of the skin were 
made with a flat bulb mercurial thermometer, similar to those 
employed by Waller*. The length of the bulb is 2 cm., the width 
7 mm.,and the thickness 3 mm. The thermometer was retained on the 
skin until the column of mercury became stationary. 

The temperature of the skin shows considerable differences in the 
various parts of the body; this is readily shown by the table of some 
of our observations on page 398. 

We have been unable to devote the time necessary for a 
determination of the existence or non-existence of a daily variation 
in the temperature of the skin; no observations were made between 
the hours of 12 p.m. and 5 a.m., the time during which the minimum 
of the deep temperature occurs. In the protected parts of the body — 
there is no regular variation between 5 a.m. and 12 p.m.; this is shown 
by the following observations. 


Average tempe- 
No.of  rature for 

Date observa- _ skin of 

1897 Time tions abdomen Range Remarks 
May 5 a.m.—8 a.m. 8 33°5 16 Filannels worn 
June, July, Pe 14 33-02 3°3 during the 

August month of May, 
May 8 a.m.—12 noon 6 34°0 0°4 but not during 
June, July, 7 33°95 2-0 June, duly 

August | and August. 
May 12 noon—5 p.m. 4 — 84:12 20 | 
June, July, 21 34°25 2°0 

August 
May 5 p.m.—12 p.m. 23 34°2 2°2 
June, July, (26 34°47 2°0 

August 

Total 109 All conditions. 


1 “De la temperature du corps humain.” Paris, tome 1. p. 484. 1877. 
2 Proc. Physiol. Soc. This Journal, xv. 1894, | 
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A long series of experiments are needed upon the surface and deep 
temperature of many individuals under various conditions. Without 
these one cannot draw any conclusions regarding the exact part played 
by the temperature of the skin in regulating the temperature of the 


11. Short Account of Previous Work. The observations which we 
have recorded arose out of the difficulty which one of us felt in an — 
attempt to harmonize or explain the discordant statements concerning 
the so-called normal temperature of man. The earlier observations 
made by one of us were employed as a guide in writing an account? 
of the temperature of man and the various conditions which influence 
it; a long account of the work of previous observers is therefore 
unnecessary here and we may refer to the article already mentioned. 

Here the chief results of previous work are briefly stated in the 
order of the various sections into which this paper is divided. 

We can, in the first place, most readily compare our results with 
thuse obtained by previous observers by the following table of the 
daily variation of the temperature of the rectum and urine. 


‘Time of ‘Time of 
Maximum Minimum Average Range Maximum Minimum Observer 
86°5 1°38 Between Between Jiirgensen * 
4pm, &9p.m, 2a.m. & 8a.m. 
87°1 36°6 36°85 05 Neuhauss® 
87°35 About 4 p.m. Between Jaeger * 
12 p.m. & 4a.m. 


87°36 8600S About 6 p.m. About 2a.m. Nicol 


87°3 36°1 36°9 1°2 About 4 p.m. About 2 a.m. Richet® 
37°95 864 37°2 1°55 Mantagazza® 
37°55 3625 37°01 13 Between Between Pembrey 
4p.m.&5p.m. 4a.m. & 5a.m. 


Urine 


The influence of muscular work in raising the temperature of man 
has been much minimised owing to the fact that most observations 
have been made in the mouth. Marcet’ and Lortet® concluded that 
mountain climbing produced a fall in temperature, but there is little 
doubt, after the observations and criticism of Clifford Allbutt? 


1 Article “ Animal Heat,’”’ Text-book of Physiology, edit. by Schifer, 1. P. 788. 

2 “* Die Kérperwaérme des gesunden Menschen,” Leipzig, 1873. 

3 Virchow’s Archiv, oxxxty. 8. 365. 1893. Observations between 6 a.m. sea 10 p.m. 
* Deutsches Archiv f. klin. Med., Leipzig, xxx. 8. 522. 1881. 

5 Rev. scient., Paris, 1x. p, 629. 1885. 

6 Presse méd. belge, Bruxelles, xv. p. 111. 1963. 

? Arch. d. sc. phys. et nat., Gendve, xxxvi. p. 247. 1869. 

8 Compt. rend. Acad. d. Sc., Paris, p. 709. 1869. 

® Journ. Anat. and Physiol., London, vu. p. 106. 1872. 
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Liebermeister?, Forel? and Vernet*, that those low temperatures 
were due to the coldness of the mouth brought about by exposure to 
the cold air and by the laboured breathing. A rise in temperature 
during mountain climbing has been observed in the mouth by Clifford 
Allbutt, in the axilla by Liebermeister and Hoffmann, in the 
rectum by Forel, Vernet and Arkle+. 

Other observers® have also shown that muscular exercise raises the 
internal temperature of man. Notwithstanding these facts the 


influence of muscular work has been and is still greatly neglected in 


relation to the temperature of man. In the Croonian Lectures for 1897. 
Hale White® gives the results of observations made by himself and 
Garrod upon the temperature of the mouth and skin before and after 
exercise. The highest temperature observed in the mouth aftér 
exercise was 37°11, and in one case after a bicycle ride of seventeen 
miles in a very cold north-east wind there was a fall of 0°56 to 36°:0. 
This low temperature Hale White does not consider to be due to 
cooling of the mouth by the inhalation of cold air, but to a fall of 
internal temperature caused by increased loss of heat. This contention 
is in no way supported by the observation upon the temperature of the 
skin of the abdomen; in fact it appears to be contradicted. In our 
opinion these valuable experiments, which include determinations of 
the moisture given off by the skin before and after exercise, are 
vitiated by the fact that the buccal temperature was taken as a 
measure of the deep temperature of the body. The average buccal 
temperature in Garrod’s case was 36°44, and even after bicycle rides 
for 74 miles in 1 hour under a hot sun the temperature was only raised 
0°11 and 0°61. A temperature of 36°44 during the daytime is low even 
for an observation in the mouth and is considerably below the mean 
daily temperature given by all other observers. The temperature of 
the mouth is an inexact measure of the internal temperature, for it is 
liable to considerable variations in different individuals, and in the 
same individual under various conditions. | 
As regards the comparative values of the temperature in the 
rectum, urine, axilla and mouth there is a great want of agreement. 


1 Handbuch der Path. wu. Therap. des Fiebers,” 8. 84. 1875. 

2 Arch. d. sc. phys. et nat., Gendve, xix. p. 370. 1874. | 

3 Arch. des sc. phys. et natur., xtv. p. 111. 1885. 

* Pembrey, ‘‘Animal Heat” loc. cit., p. 806. 

5 References given in ‘‘ Animal Heat” loc. cit. pp. 806, 807. See also Richet, La 
Chaleur Animale, Paris, p. 106. 1889. Ogle, loc. cit. p. 282. 

§ Lancet, June 19th and 26th, July 8rd and 10th, 1897. 
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Ringer and Stuart’ state that “due care being taken and sufficient 
time allowed the temperature of the axilla is always identical with that 
’ of the mouth and with that of the rectum four or six inches above its 
termination.” Observations are not given to support this statement, 
which is opposed to the results of most comparative determinations. 
Ogle says that if the thermometer be warmed by the hand and then 


kept under the tongue in the closed mouth for eight minutes, the — | 


reading is the same as that obtained by inserting the thermometer in 
the urine as it leaves the body: here also no comparative observations 
are given. 

On the other hand the average excess of the rectal over the buccal 
temperature from the observations? by Crombie, Gassot, Redard 
and Cuny Bouvier is 0°22 to 0°7, and we find an average excess of 
0°65. Directly after exercise, especially in cold weather, our ex- 
periments show a greater difference, even if the thermometer was 
retained in the mouth for twenty minutes: during rest and after food 
the difference is less than the average already given. 

The observations which we have made upon the temperature of the 
skin agree closely with those obtained by Kunkel*’, who used a 
thermoelectric method. 


SUMMARY OF THE RESULTs. 


1, The average of 343 observations upon the temperature of the 
rectum is 36°°79 (98°24 F.), that of 377 determinations of the tempera- 
ture of the urine is 37°01 (98°64) for a day of 24 hours. These two 
series of observations were made separately upon two healthy men. 

2. The average for the time of activity, 7 am. to 11 p.m. is 
36°98 (98°58) in the case of the rectum and 37°28 (99°12) for the 
series upon the temperature of the urine; the respective values 
for the period of rest, 11 p.m. to 7 a.m., are 36°34 (97°42) and 36°45 
(97°°67). 

3. The maxima of the averages were 37°36‘ (99°25) and 37°545 


1 loc. cit. 

* For further details and references see article ‘‘ Animal Heat, loc. cit. p. 824. 

3 Ztechr. f. Biol. Miinchen, xxv. 8. 55. 1889. Abstract in “ Animal Heat,” loc. cit. 
p. 830. 

* Rectal series in each case given first. 

5 Observations on urine in each case given after the values obtained in the rectal 
series. 
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(99°58); the minima 36°12 (97°03) and 36°25 (97°25); the average 
ranges are thus 1°24 (2°22) and 1°29 (2°33). 

4. The times of the maxima were about 6 p.m. and between 
4 and 5 p.m.; the times of the minima about 2 a.m. and between 4 and 
5 a.m. 

5. The maxima of all the observations, except those taken 
immediately after considerable exercise, were 38°11 (100°6) and 37°83 
(100°1); the minima 36°00 (96°8) and 36°06 (96°9); the ranges 2°11 
(3°8) and 1°77 (3°2). 

6. Muscular exercise produces a marked rise, even as high as 
38°33 (101°0) in the temperature of the rectum and urine. This may 
be accompanied by only a slight rise or by a fall in the temperature of 
the mouth. 

7. The temperature of the mouth is not an exact measure of the 
deep temperature of the body; it is unreliable especially after exercise 
or in cold weather, owing to the cooling of the mouth. In some cases 
the buccal temperature may be 1°7 to 2”2 (3°—4°) below the 
temperature of the rectum or urine. : 

8. Mental work has apparently very little influence upon the 
temperature; it is generally accompanied by a fall in temperature 
owing to the concomitant decrease in muscular activity. 

9. The effect of rest and sleep is to produce a steady fall in the 
temperature. This is the most important factor in producing the fall — 


in the curve of daily temperature. 3 


10. The effect of food is to raise slightly 0°17 to 0°39 (0°3—0°-7) 
the temperature of the rectum and urine, and in the case of the 
evening meal to somewhat delay the fall in temperature at that time. 
The mouth shows a relatively greater rise owing to the increase in the 
vascularity and muscular and glandular activity of the tissues bounding 
the mouth. After a hot meal the temperature of the ——_ is often 
above that of the rectum. 

11. The temperature of the rectum shows an average excess of 
0°26 (-48) over that of the urine and 0°65 (1" 17) over that of the 
mouth ; the average temperature of the urine is 0°46 (‘82) above that 


of the mouth. The relative values, however, vary under different , 


conditions. 
12. The surface temperature of the skin in the exposed parts of 


the body is liable to considerable variations, but that of the sents 
habitually covered by clothes is fairly constant. 


13. A simple flat bulb mercurial thermometer gives results, 
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which compare favourably with those given by thermoelectric methods 
of determining the temperature of the skin. 


Note. The special thermometers used in these experiments were supplied 
out of a grant from the Scientific Grants Committee of the British Medical 
Association. 


APPENDIX. 


Here are collected observations which are not given in the body of the paper. — 


Effect of Exercise (P). 
T 
Date Time _ Nature of exercise “lane for this hour 
28 .x11.97 12,42 p.m. Digging in the garden 37°°78 37°38 
for 30 minutes 

28 . 97 Ditto 20 minutes 37°69 37°54 
19.1x.98 11.30 a.m. Ditto 37°78 87°47 
21.1 .98 12.40 p.m. Bicycle about 37°78 87°38 
15.x.98 8.55 ,, Ditto 2 miles 87°89 87°47 
14.¥.98 12.38 a.m. Ditto | 87°16 36°73 
19.v.98 12.30 ,, . Ditto 87°11 86°78 
24.1v.98 8.49 p.m. Walk for hour 87°78 37°47 
7.1.97 he Short walk 37°72 87°54 
8.1.97 5.26 ,, Ditto 37°94 87°5 
16 .x1.96 7.47 Ditto 87°78 87°42 
Ditto 37°78 87°47 


Effect of slight exercise, such as getting up in the morning (N). 


Time Temperature Result 
4.30 a.m. in bed 86°11 

435 ,, dressing 36:33 

4.40 ,, ss 86-33 Rise in 5 minutes =°22 
2.vm 6 am, in bed 36°27 

5.45 ” 86°33 

5.50 ,, dressing 86°44 | 

5.55 ,, 36°44 Rise in & minutes 
19. va 5 am. in bed 36°38 : 

5.15 ,, dressed 36°66 Rise in 15 minutes=-28 
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Time Temperature 
6.80 a.m. in bed 36°33 
6.45 ,,  afterdressing 36°77 
4.30 a.m. in bed 86°22 
4.86 ,, dressing 
4.40 ,, 86°55 
4,45 ” ” 36°55 
4.5 a.m, in bed 36°33 
4.10 ,, dressing 36°50 
9.30 a.m. in bed 36°50 
9.45 ,, dressing 86°88 


Result 


Rise in 15 minutes =-44 


Rise in 10 minutes=-88 
Riss in minaies = 17 


Rise in 15 minutes=‘38 


Reaction. of temperature after exercise and after food (N). 


temperature 


86°77 (after 8 mins. 


in month) 


22—27 . 11. 98 


7.30 a.m. 
8 ” 


7.30 a.m. 
8 
7°30 a.m. 
8 ” 
7.30 a.m. 
8 ” 
7.30 a.m. 


1.30 p.m. 


Mouth 
36°°38 
87°00 
86°16 
87°05 
36°61 
87°16 
36°44 
37°22 
36°16 
37°05 
36°38 
37°33 


before food 


Remarks 


Effect of food upon the temperature of mouth and rectum (N). 


Rectum 
36°°83 
87°05 
36°88 
87°11 
86°88 
87°16 

36°94 
87°16 


36°83 
87°05. 


36°88 
87°22 


1897 
12. | 
80.¥ 
4 
4 Buccal Rectal 
6.80 p.m. 86°°77 37°°38 Before exercise 
4 8.10 ,, —— Soh 38°20 Immediately after exercise 
4 8.30 ,, 36°55 37°16 Resting 
8.50 36 “88 86°88 
4 9.10 ,, 36°61 87°16 After eating supper 
4 9.40 ,, 36°38 36°88 Reading 
4 10.10 ,, 86°22 36°55 
11.10 ,, 86-05 , 36°38 
3 
after ” 
4 
4 before food 
after 
4 before food 

: after ,, 

3 before food 

: 

after 

4 after yy 

q +9 
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Effect of food upon the rectal temperature (N). 


23.v  12.30a.m. 36°°94 beforefood 4.vm 4 p.m. 36°°83 before food 
1.30p.m. 87°16 after ,, 
2 ” 37°05 ” 5.30 87°44 ” 
8,40 ” 37°00 ” ” 6.15 37°22 
20.vr 2 p.m. 86°72 before food 715, STM » » 
2.45 ,, 87°11 after ,, 15.v  65.30p.m. 36°83 before food 
87°05 6.10 ,, 87°00 after ,, 
3,80 ” 37°00 ” ” 7 87°11 

4 87°00 ” ” 8 99 37°11 99. 
10.1x 7.10a.m. 86°72 beforefood 5.20p.m. 87°05 before food 
8,15 ” 87°11 after 6.20 87°50 after ” 
7 «am. 86°78 before food 

8.10 ,, 37°11 after ,, 14.vr 6 p.m. 87°88 after 
14.1 17.5 a.m. 86°67 before food 6.40 ,, 37°55 after food 
8 . 87°05 after ” 7.45 99 87°00 99 
16.1x 12,80a.m. 36°61 _ before food 6.vir 6 p.m. 88°05 after, exercise, 
1 pm. 87:11 after _,, 6.30 ,, 37:50 after food 
27.vr 12,15 a.m. 36°83 before food 7.30 ” 37°00 
L15p.m. 87°05 after ,, 8.vir 6 p.m. 87°50  afterslightexer- 
1,35 ” 36°94 ” ” — 
4.vm 1 pm. 86°88 before food 6.30 ,, 37°33 after food 
2 Ee 87°00 after ,, 10.vm 6 p.m. 87°55 before food 
2.30 ,, 36°89 6.25 87°88 after ,, 
1.30p.m. 36°72 before food 6.15p.m. 87°11 before food 
2.15 ,, 37°05 after i, 
2.40 36°95 16. vm 5°50p.m. 88°22 be, walk 
6.50 ,, 37°38 after food 
” 
5 ” 37°33. ” ” 6 pm. 
5.30 9” 87°05 ” ” 7 Aa 86°94 after food 


1897 Urine — Rectal Buccal _— Axillary _ Remarks 

8.vmr 2.15 p.m. 87°05 87°55 36°°838 Immediately after food 

4.20 ,, 86°72 36°56 36°56 Resting 

6.15 ,, 87°11 86°83 36°83 
ll.vm 11 pm. 36°78 36°44 36°50 
16.vmr 7 s 37°33 37°66 87°11 Immediately after food 
4.™ 6 4 88°27 36°94 After 1 hrs. walk 
27 . 1x 6.45 ,, 88°00 88°50 87°33 


29.1 10.45 , 87°61 88°38 37°50 
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dvimmonenied of the skin (P). 


6p.m. (thigh) 87°°0 (mouth) After tennis, very hot, 
sweating 
4.1.96 noon 82°38 (forearm) 


33°6 (palmofhand) 387°0 (mouth) Rest 
19.x.98 10.45 p.m. (forearm) 


82°1 (abdomen) 36°66 (urine) Rest. Temperature of 
air = 15°°75 
20.x.98  7.15a.m. 83°56 (forearm) 
84°0 (abdomen 36°77 (urine On getting up. Tem 
20.x.98  10.30p.m. 32°25 (forearm) 36°83 (urine) Rest 
82°75 (abdomen) 
80.x.98 10p.m. 340 (abdomen) 86°88 (urine) Rest 
| 83°5 (palm of hand) 


16.x1.98  4.80p.m. 38°5 (forehead) | ‘Upon a boy aged 15. 


81°7 (malar bone) Rest. T. of air=18° 
81°6 (cheek) | 
28°8 (lobe of ear) 
30°8 (back of wrist) 
82°6 (arm) 
34°1 (sternum) 
85°0 (heart) 
81°8 (calf) 
Simultaneous deep and surface temperatures (N). 
Internal Surface 
Hour air Remarks 
6.30 a.m 19°5 86°33 83°5 In bed 
6.50 ,, 19°5 86°83 81°2 After cold bath 
7.30 ,, 36°44 84°5 
8.30 ,, 22°5 36°22 84°5 
10 - 22°5 86°44 33°25 Immediately after 
11 is 22°5 36°56 84°4 
12 22°5 36°50 35°0 
22°0 36°78 35°0 Before dinner 
2 x 21°5 37°00 83°75 After dinner 
2.30 ,, 21:0 36°89 Reading 
4 21-0 36°83 84°0 
4.40 ,, 21-0 87°11 85°0 After tea 
5.30 ,, 21-0 87°22 85°5 Reading 
6 21-0 87°33 85°0 
6.15 ,, 21:0 87°22 
7.15 ,, 21-0 87:11 35°0 
8.15 ,, 21°0 87°05 84°5 
9.20 ,, 20°5 36°89 84°5 


: 
¥ 
4 Vv 
> 
i Date Tim Surface tem ture 
3 e pera Deep temperature Remarks 
34 
a 
4 29°0 (sole of foot) 
3 5 0. toe 
4 
a 
i 
: 10.50 20°5 86°44 
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ON INHIBITORY FIBRES IN THE VAGUS FOR THE 
END OF THE GSOPHAGUS AND THE STOMACH. 
By J. N. LANGLEY, DSc., F.RS., Fellow of Trinity College, : 
Cambridge. 


The cardia and adjoining region. Csophageal manometer method. 


THERE is already good evidence, although it has not been generally 
accepted, that the vagus contains inhibitory fibres for the cardia. 
Openchowski found (1883) that dilation of the cardiac orifice in the ~ 
rabbit could be obtained by stimulating a nerve on the lower portion of 
the esophagus. This nerve, which he called the “nervus dilatator 
cardi ” was formed by the union of strands from the two vagi. Later’ 
he extended his observations to the dog and cat, and in these animals 
traced the dilator fibres to their origin from the central nervous 
system. Openchowski’s method was, essentially, to place a small 
elastic bag in the cardiac opening, and to connect it with a Marey’s 
tambour, so that tracings were obtained of contractions or relaxations 
of the sphincter. I have proceeded in other ways; my experiments 
with a few exceptions, of which I will speak separately, have been 
made on the rabbit. 

I have not found any appreciable difference as regards the cardia, 
whatever part of the vagus is chosen for stimulation. I will first give 
an account of a very simple method of demonstrating the dilation of 
the cardiac orifice on stimulation of the vagus. 

The rabbit is anesthetized with ether, and later with A.c.E. mixture. 
Both vagi are tied and cut in the neck. A tube filled with warm salt 
solution is tied in the cesophagus, the end being about half-way down 
the thorax ; it is connected with a vertical tube graduated in centimetres 
having at the base a side opening. The side opening is connected by 
india-rubber tubing with a syringe containing warm salt solution; by 

1 Openchowski. Centralb. f. Physiol. 1889, p.1. Arch. f. (Anat. u.) Physiol. 1889, 
p, 549. Reflex dilation of the cardia was obtained by Kronecker and Meltzer, Arch. f. 


(Anat. u.) Physiol. 1883, Suppl. p. 328; 
centre in the medulla. 


PH. XXIII. 28 
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means of this, fluid can be driven into the vertical tube—which we 
may call the manometer tube—and the pressure of the fluid in the 
cesophagus raised. I use generally a tube 4 to 5 mm. in diameter for 


_ the cesophagus, and one 2 to 3 mm. in diameter for the manometer. 


Curari is injected into a vein (about 1 cc. of a 0°5 p.c. solution) to 
paralyze the nerve-endings 1 in the striated muscle of the esophagus. — 
Atropine sulphate also is injected into a vein (15 to 20 mgrms.) to 
weaken the csophageal motor nerve fibres, and to paralyse the 


inhibitory fibres of the heart. 


The zero of the manometer scale is placed about 5 cm. below the — 
level of the cardiac end of the stomach, the water pressure is raised to 
about 25 cm. of the scale. The tone of the cardiac sphincter may be 


. sufficient to maintain the fluid at this level ; if it is not, a minute or two 


must be allowed for the fluid to attain a constant level. Then the 
peripheral end of one of the vagi is stimulated; there follows in 
a second or so, a quick fall in the level of the fluid; showing that the 
cardiac orifice has opened. The experiment cap be repeated on the 
animal with the same result over and over again. The greater the tone 
of the sphincter, 7.¢, the greater the pressure it resists at rest, the more 


marked is the effect of stimulating the vagus. 


Various modifications of the experiment may be made; thus when 


‘the maximum pressure which the cardiac sphincter can resist, has been 


determined, a bulb containing 5 to 10 c.c. of fluid may be inserted in 
the manometer at a point two or three centimetres below the point of 
maximum pressure; then on stimulating the vagus, the 5 to 10 cc. of 
fluid will quickly and steadily run into the stomach. as 

Another modification is to have a side opening in the manometer 
tube at about the 15 cm. level, and to connect this with a tube } to 4 
a metre long inclining upwards a few degrees only from the horizontal. 
The long horizontal tube may be entirely emptied during a single 
stimulation of either vagus. 

The fall of pressure on vagus stimulation I have obtained in every 
experiment; in most experiments constantly, and in some twenty or 
thirty times without essential variation. But in three experiments the 
effect was not constant, there was at times a slight rise of fluid, at 
times a broken irregular fall, at times the usual steady fall. 

The passage of fluid from the cesophagus to the stomach in the 
circumstances given above I take to be due to inhibition of the cardiac 
sphincter. Theoretically there are however other factors which mt 
the passage of fluid. These are :— 
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a. An increase of pressure in the esophagus, due to contraction of 
the cesophagus. 

This factor may be put on one side since—amongst other reasons— 
stimulation of the vagus will cause fluid to pass into the stomach when 
the pressure in the esophagus is much below the maximum which the 
cardiac sphincter is at the moment capable of resisting, and, often, 
without a trace of preliminary rise in the pressure in the esophagus. 

b, A decrease of pressure of the stomach contents against the 
cardiac orifice. In the rabbit the stomach is never empty; the contents 
normally might press against the sphincter and support it in opposing 
the passage of fluid; on stimulating the vagus, the peristaltic move- 
ments of the stomach might move away the stomach contents from the 
cardiac orifice, lessen the support afforded to the sphincter, and so allow 
some leakage. | 

That this is not the effective factor can be seen by opening the 
stomach, and pressing back the contents from the cardiac orifice, and 
then stimulating the vagus; the fall of fluid in the manometer takes 
place as before; the entrance of fluid into the stomach can of course 
be directly observed. | 

_¢. Acontraction of the longitudinal fibres of the cesophagus and 
of the continuation of these fibres over the stomach. In order that 
this should be effective either there must be no contraction of the 
circular fibres, or the contraction of the longitudinal fibres must be 
strong enough to overpower the circular fibres. 

The fact, however, is, as may be seen on direct observation, that the 
longitudinal fibres of the end of the cesophagus and of the region 
immediately around the cardiac orifice relax during stimulation of the 
vagus and do not contract (cp. below, p. 412). 

If then the passage of fluid from the wsophagts to the 
- stomach in the experiment given above is not due to in- 
cfeased pressure on the wsophageal side of the sphincter, nor 
to decreased pressure on the stomach side of the sphincter, 
nor to opening of the sphincter by contraction of longitudinal 
muscle fibres, it can only be due to relaxation, te. to inhi- 
bition of the sphincter muscle itself. 

We may now turn to some accessory matters connected with the 
action of the vagus on the esophagus and cardiac sphincter of the 
stomach. 

When an experiment similar to the preceding is arranged except 
that neither curari nor atropine is given, stimulation of the vagus 
causes of course violent contraction of the striated ‘muscular tissue 


ity 
om 
a 
> 
4 
iL. 


410 . J. N. LANGLEY. 

‘of the cesophagus, and the fluid is jerked up in the manometer. The 
extent of this can be much lessened by using a large tube for the 
cesophagus and pushing it down the cesophagus nearly to the stomach. 
On ceasing the stimulation, the fluid in nearly all cases returns to its 
previous level, .¢. stimulation of the vagus in these circumstances rarely 
affords evidence of inhibitory fibres. The strength of the current only 
influences the strength and duration of the cesophageal spasm ; minimal 
effective induction shocks, e.g. those afforded by a Daniell cell, du Bois 
Reymond apparatus with secondary coil at 28 cm. of scale, cause a slight 
quick contraction, rapidly lessening as the stimulus is kept on, but the 
stimulus does not cause _— of fluid from the esophagus to the 
stomach. 


When simepton alone is ahi the results of stimulation are the 
same. 

I conclude then that as fone as the striated muscular 
apparatus is in working order, the contraction of the striated 
muscle (either in the end of the esophagus or in the sphincter 
itself) brought about by stimulation of the vagus, rererety 
blocks the entrance to the stomach. 

After curari has been given but no atropine, stimulation of the 
vagus with strong and with moderately strong induction shocks (eg. — 
sec. coil at 8 to 10) causes a gradual rise of the fluid in the manometer, 
the greater, the smaller the portion of the cesophagus occupied by the 
cesophageal tube. This is caused by the contraction of the unstriated 
portion of the esophagus, When the stimulus ceases the fluid returns 
to its previous level, so that here also the result gives no evidence of 
inhibitory fibres. 

If, however, the stimulus used is weak (e.g. sec. coil at 20 to 25 cm.) 
there is more or less fall of fluid in the manometer, showing the 
presence of inhibitory fibres’. >. 

If stimuli of intermediate strength are used, some will be fouiid 
which cause a brief rise followed by a brief fall, or alternations of fall 
and rise—unnecessary to recount in detail—indicating a struggle be- 
tween motor and inhibitory fibres. 

Since the vagus causes stoppage. of the -heart, this effect must be 
eliminated in one of the usual ways, that is either by stimulating the 
nerve below the point where the inhibitory fibres of the heart are given 
off, or by paralysing the fibres by atropine. 


1 Openchowski obtained dilation of the sphincter on stimulation of the vagus with 
weak shocks of slow rhythm (6 to 20 in a second). Arch. f. (Anat. u.) Physiol. cit. 
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When the branches of the vagus are stimulated below the diaphragm, 
the effects are as given above, 7.¢. with strong stimulation, fluid does not 
pass into the stomach. ey 

When atropine is given, the inhibition comes more and more to — 
the front, at whatever point the vagus is stimulated; and with a certain 
amount of atropine a fall of pressure in the manometer is obtained with 
all strengths of vagus stimulation. This change in result is due to the 
weakening of the effect of the motor fibres supplying the end of the 
cesophagus and of those supplying the sphincter. With a low level of 
fluid in the manometer, at which the vagus no longer causes a fall, it 
causes little or no rise—evidence of the partial or complete paralysis - 
of the motor fibres supplying the cesophagus. The exact amount of 
atropine required I have not determined. I have generally injected as 
a first dose 15 to 20 mgrs. according to the size of the animal. This 
dose does not by any means paralyse the motor fibres running to the 
wall of the stomach. Strong peristaltic contractions may still be 
obtained by stimulating the vagus. i 

Large doses of atropine weaken the effect, both of the motor and of 
the inhibitory fibres of the vagus, thus in one experiment on a rabbit I 
injected successive doses of 15, 30, and 60 milligrams of atropine. After 
the 2nd dose, the inhibitory effect on the cardia was fully marked; after — 
the 3rd dose, the effect was very slight and the tone of the sphincter 
was much reduced. On exposure of the stomach, which was distended 
with fluid, traces only of contraction were obtained by vagus stimulation, 
but the stimulation caused either slight rhythmic contraction, or after- 
contraction of the cardia. 

In no case in the rabbit was there any certain evidence of a passage 
backwards of fluid from the stomach to the esophagus. The result of 
passing a large quantity of fluid into the stomach by repeated stimu- 
lations of the vagus, was a great distension of the stomach, and a 
quick rhythmic discharge from the stomach into the duodenum. As a 
rule stimulation of the vagus did not reduce the pressure in the 
esophagus to zero; the residual pressure was usually 2 or 3 cm. of 
water, but it varied somewhat in different experiments and at different 
times during an experiment. 

The cesophageal manometer method in the two experiments made 
on the cat did not give satisfactory results, the sphincter had normally 
very little tone, and there was at times some regurgitation from the 
stomach; so that I did not pursue in this animal observations on the 
inhibitory fibres of the cardia. 
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Direct observation of the region of the cardia. 

The curious appearance resulting from the contraction of the cardia 
in the rabbit has been described by Magendie, Basslinger, S. Mayer’, 
Kronecker and Meltzer?,and others. The end of the cesophagus, which 
contracts with the cardia, looks as if it were being dragged into the © 
stomach. When the cardia is viewed from inside the stomach’it is seen 
that the contraction makes the sphincter project like a nipple into the 
stomach. Contraction of the cardia or stimulation of the vagus has 
been obtained by Mayer and other observers. 

When the vagus is stimulated in a rabbit after curari and atropine 
have been given, and the cardia is exposed to view, it is seen that 
during the stimulation, the end of the esophagus swells—if there is 
pressure of fluid in it—and the region around the cardia bulges; there 
is in fact relaxation of the whole musculature of the cardia region 
although there may be strong contraction in the body of the stomach. 
Almost immediately after cessation of the stimulus, there is a strong 
after-contraction of the cardia and adjoining region of the cesophagus 
and stomach. | 

I have mentioned that occasionally in observations by the esophageal 
manometer method, stimulation of the vagus causes either no fall or a 
broken, irregular one. Irregularity in result has seemed to me more 
frequent when the stomach is exposed, and still more frequent when it 
is cut open to expose the cardiac orifice as mentioned below. Although 
primary dilation with after-contraction are certain to be seen with some 
stimuli, others will cause rhythmic inhibition and contraction, or primary 
contraction. Possibly the exposure aids the motor more than the in- 
hibitory effect. 

The after-contraction is perhaps the most constant visible effect of 
vagus stimulation; it may be conspicuous although the previous re- 
laxation has been barely visible, and even if there has been previous 
contraction or rhythmic contraction. Clearly the explanation is that 
during the stimulation of the vagus, the inhibitory fibres get more or 
less completely the upper hand, and on cessation of the stimulus the 
action of the motor fibres comes to the front. The effects are of the 
same order as those found by Baxt when the inhibitory and accelerator 
fibres of the heart are stimulated simultaneously. 


If a hook is passed round the wsophagus a little below the diaphragm, 
it may be pulled strongly towards the diaphragm without causing the 


1 Cf. Hermann’s Hdb. Bd. vy. Th. 1. p. 430.  § op. eit. 
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characteristic swelling produced by stimulating the vagus; “on stimulating 
the vagus the region at once yields to the tension. 

When the cesophagus is ligatured a little above the diaphragm, cut above 
the ligature, connected by a thread passing over a pulley, and the thread 
lightly weighted, vagus-stimulation causes the cesophagus to yield slowly to 
the weight, whilst after the stimulus the wsophagus is forcibly dragged 
towards the stomach. 

I have not paid special attention to changes visible on stimulation of the 
vagus when anssthetics only, or anwsthetics with curari only are given, But 
bulging of the cardia’ and after-contraction may certainly be produced. 


If the sphincter be exposed by opening the stomach, it is only 
necessary to exert some tension on the sphincter to observe that it 
dilates during stimulation of the vagus. The tension can be exerted 
in various ways, and simply by inserting the points of a weak pair of 
forceps into the orifice; the normal tone of the sphincter brings the 
points more or less closely together; on stimulating the vagus, the — 
orifice widens, remains open whilst the stimulation lasts, and on the 
cessation of the ‘stimulus contracts forcibly’. 


The stomach apart from the cardia. 


The general form of the movements which occur in the stomach of 
the rabbit on vagus stimulation have been described by S. Mayer, by 
Openchowski and others. It is only necessary to emphasize the fact 
that on repeated stimulation, very great variation is obtained, and that 
strong contraction may occur in any part. 

Openchowski does not appear to have found in the vagus 
inhibitory fibres for any part of the stomach except the cardia. 
Wertheimer’ obtained reflex inhibition of the stomach by stimulating 
the central end of the sciatic and of one vagus, and observed that the 
_ reflex inhibition was much less when both vagi were cut. He attributed 


1 Kronecker and Meltzer noticed that stimulation of the vagus caused normally 
simultaneous contraction of all parts of the esophagus except the cardia. 

2 The maximum dilation was obtained in about 10 seconds, after this dilation gradually 
diminished. The after-contraction, contrary to what might have been expected, was less 
with prolonged (2 mins.) than with brief stimuli (15 secs.). My observations on these 
points were, however, few. 

8 Arch. de Physiol. norm. et path. 1897, p. 879. Wertheimer quotes Morat iain 
Medical 1882, p. 289), as having observed cessation of movements of the stomach on 
stimulating the central end of the vagus. Doyon (Arch, de Physiol. 1894, p. 892) obtained 
inhibition of the glandular stomach and gizzard in the bird, by stimulating the peripheral 
end of the vagus. I regret I was not aware of this early enough to refer to it in the 
text, 
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the effect, as Openchowski bad done in the similar case of the cardia, 
to inhibitory nerves or fibres running in the vagus. 

The. body of the stomach I have simply observed directly. The 
vagus causes not infrequently relaxation (inhibition) of the whole 
fundus end of the stomach, and occasionally rélaxation of the whole 
stomach. I have not however found any conditions under which the 
inhibition can be obtained with certainty. It occurs in the cat as 
well as the rabbit, and in fact the most marked instance I have seen 
was in a cat. In this case the right vagus had been cut 11 days 
centrally of the ganglion of the trunk. Ten milligrams of atropine 
were injected into a vein, and the right vagus was stimulated. It 
caused abrupt cessation of the strong peristalsis normally going on, and 
the result was obtained repeatedly and without exception.’ 

About half-a-dozen experiments were made on the pyloric sphincter. 


In some the stomach was opened and the points of a forceps placed in _ 


the pyloric orifice; in others a tube was tied into the duodenum a 
couple of inches from the pylorus, this connected with a long, nearly 
horizontal tube, and the rate of passage of stomach contents along it 
noted. Usually the primary effect of vagus stimulation whether 
anesthetics alone were given, or these with curari, or atropine, or 
with both, was contraction ; this has been noticed by several observers, 
including Openchowski. But at times distinct dilation of the 
sphincter was obtained. I conclude then that the body of the 
stomach and the pylorus receives inhibitory as well ‘as motor 
fibres from the vagus. ? 


It is worth notice that the pyloric vile 1 in the rabbit is much less firmly 
closed than the cardiac orifice. The points of forceps which barely open the 
cardiac orifice will open widely the pylorus. Stimulation of the vagus some- 
times causes bile—and other duodenal contents—to pass back into the 
stomach; sometimes this occurs immediately after the stimulation. 


SUMMARY. 


The vagus contains inhibitory fibres for the whole of the muscula- 
ture of the stomach and of the adjoining region of the cwsophagus, 

The dilation of the cardiac sphincter—shown to occur by Open- 
chowski—can be readily demonstrated by connecting the cesophagus 
with a vertical tube containing fluid at a pressure of 15 to 20 centi- 
metres water pressure and stimulating the peripheral end of the vagus 
after curari and atropine have been given; the sphincter opens and 
fluid passes into the stomach. 
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THE RESULTS FOLLOWING PARTIAL NEPHREC- 
TOMY AND THE INFLUENCE OF THE KIDNEY 
ON METABOLISM'. By J. ROSE BRADFORD, MD. 
F.RS., Professor Superintendent of the Brown Institution, late 
Grocer Research Scholar. 


(From the Physiological Laboratory of University College and. the 
Laboratory of the Brown Institution.) | 


THE Paper contains the results obtained in a research sadeelad in part 
during my tenure of one of the Grocer Research Scholarships; some 
of the results have been published in the Proceedings of the Royal 
Socvety, 1892. It is divided into the following heads :— 


History. 
Methods: (a) Experimental, (b) Chemical. 
Total number of experiments and mortality of the operation. 
Effects following the removal of a portion of one kidney. 
Effects following the subsequent removal of the opposite kidney. 
Effects following double partial nephrectomy. 
The nitrogenous extractives of the blood and tissues after partial nephrectomy. 
Comparison of the above effects with those following double complete ne- 


KE 


phrectomy. 
Observations on some results following the injection of Urea. 
Conclusions. 


I. History. 


Tuffier published in 1889 a work? containing an account of a 
series of operations performed on the kidneys of dogs. In that portion 
of the work dealing with nephrectomy this observer coneerned him- 
self merely with two questions: the amount of kidney necessary to 
maintain life and the nature and mode of development of the renal 
hypertrophy seen after extirpation of one kidney. 

1 ‘The expenses of this research were in large part defrayed by grants from the Royal 
Society. | 

* Th. Tuffier. Etudes Expérimentales sur la Chirurgie du Rein, Paris, 1889. This 
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Tuffier removed, in the majority of his experiments, the entire 
kidney on one side, and then after an interval of variable length he — 
excised a portion of the opposite kidney arresting the hemorrhage 
sometimes with the cautery, sometimes by transfixing the kidney with 
pins and tying a ligature proximately to the pins and sometimes by 
direct ligature of the divided vessels. He gives in an appendix the — 
details of ten experiments, and in one of these, Exp. IV, page 142, 
details of the urine are given. , 

His principal conclusions are as follows :— 

That it is possible to remove quantities of kidney substance equal 
in weight and in volume to those of the sum of the two kidneys in 
such a way as yet to leave behind a considerable amount of kidney 
substance, as shown by post mortem examination ; that this diminution 
in the amount of the kidney substance is not accompanied by any 
functional disturbance of the urine, and that the urine and urea, after 
the oscillations due to the operation, return to their normal amount, 

That if the operation be performed on growing animals their 
development occurs without any complications. 

That life is possible when there are only 1°5 grms. of kidney esksad 
per kilogram of body weight. 

Owing to my not being acquainted with Tuffier’s Researches until 
I had been at work on this subject for some months the plan of my 
experiments is different to his in that I always removed a portion of 
one kidney first, and subsequently removed the whole of the second. 
It is perhaps possible that this may account for some of the differences 


discovered. 


I have not been able to remove quantities of kidney equal in 
weight to the sum of the weights of the normal kidneys, but then it is 
at once obvious that Tuffier performed his partial nephrectomy on an 
organ already hypertrophied, as it is well known that after removal of 
one kidney the opposite one rapidly undergoes hypertrophy. It is 
possible that this difference in the method pursued is sufficient to 
account for the discrepancy. 

As regards the quantity of kidney necessary for life to be maintained 
there is no very great difference in our results, although as seen in 
Section V. I think the danger limit is reached when the amount of 
kidney present is but 2 grms. per kilogram of body weight. 

The main discrepancy between us is that whereas I have observed 
profound changes in the urine and urea, Tuffier has only seen tempo- 
rary suppression for some 24 hours after the operation, the urine 
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subsequently returning to its normal amount. He mentions that some © 

of his animals wasted and that some died, and that they did not die of 

uremia inasmuch as the kidney fragment still excreted considerable 

quantities of urine. I am quite unable to explain how it is that the 

_ changes in the urine described below were observed in my experiments 
and not in Tuffier’s. | 

As regards Tuffier’s researches on the renal hypertrophy they 
need not be described in detail inasmuch as the present communication — 
deals mainly with the changes in the urine. Paoli! resected portions 
of the kidney in dogs, cats and rabbits. In one series a portion of one 
kidney was removed and the animals killed at varying periods after 
the operation. In another series at different periods after removal of 
portions of one kidney the remaining kidney was removed, and the 
animals were killed some time after the latter operation. Some 
animals died a few days after the removal of the second kidney from 
collapse or uremia. Paoli’s results were as follows :—large portions of 
one kidney may be removed, if care be taken to carefully arrest all 
hemorrhage and attend to the union of the wound. If the second 
kidney be removed at a later period the remaining incomplete kidney 
will take up the functions of both. 

The minimum amount of kidney substance necessary for life to be 
maintained is, according to Paoli, the half of one kidney. After the 
operations a parenchymatous nephritis sets in, and this is followed by 
hypertrophy of the kidney substance. The hypertrophy consists in a 
hypertrophy of the gland epithelium and a dilatation of the vessels. 
There is also a new formation of tubuli and glomeruli. In conjunction 
with the hypertrophy of the portion of the kidney left behind there is 
—in dogs, at a of the left ventricle. 


IL MertTHops :—EXPERIMENTAL AND CHEMICAL. 


Keperimaniol. All the experiments were performed on medium 
sized fox-terrier bitches, the body weight varying from 4 kilos to 
98 kilos, the average being 6°5 kilos. 

Previously to the operation the animals were kept in the laboratory 
for about a fortnight and during this time observations were made 
on the nitrogenous ingesta and excreta for a continuous period of a 
week. 


de Paoli. Centralblatt fiir Chirurgie, x1x. p. 78. 1892. 
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418 J. R. BRADFORD. 
The first operation, t.¢. the excision of a wedge from one kidney 
was carried out as follows :— 


The animal was anexsthetised with chloroform, a hypodermic i injeo- 
tion of morphia, 4 gr. to 1 gr. was then given, and the chloroform 


administration was continued throughout the operative procedures. 


The skin having been shaved and cleaned, an incision was made in 
the flank, avoiding the thick masses of the back muscles. The incision : 
was rapidly deepened until the peritoneum was reached, all bleeding 


- was arrested by torsion, ligature and pressure, after which the peri- 
-toneum was opened throughout the length of the incision, usually some 


24 inches. The kidney was then seized, and the fold of peritoneum 
which passes from its upper border was divided, thus permitting the 
organ to be drawn well out of the wound. If necessary, the peritoneum 
and sub-peritoneal tissue connecting the ovary to the lower border of 
the kidney were divided, any bleeding points being secured. 

The kidney was then drawn out of the wound, so that the hilum 
was on a level with the skin; as little traction as possible was made 
and great gentleness used, in order to avoid injuring the organ by any 
undue pressure. 

The renal vessels were then compressed as carefully as possible by 
the finger and thumb of the left hand, and the organ transfixed dorso- 


ventrally by a sharp pointed bistoury, the knife being entered near the 


middle of the kidney, from above down, but close to the hilum or inner 
border. A cut outwards and downwards through the entire kidney was 
then rapidly made, the knife was again entered at the same spot and a 
similar upward cut made, so that a wedge of kidney was removed with 
the apex of the wedge at the hilum and the wide base of the wedge at 
the free border. The apex of the wedge usually included a portion of 
the free pelvic surface of the papilla, so that the pelvis of the kidney 
was laid open. Owing to the shape of the dog’s kidney it was possible 
to remove a complete wedge without injuring the side walls of the 
renal pelvis, a very important matter, inasmuch as injury to these 
would probably result in the formation of an urinary fistula. 

Once the wedge was excised, the branches of the renal artery, which 
were divided in the loose tissue surrounding the pelvis, were secured 
with Spencer Wells forceps. The pressure on the renal vessels at the 
hilum was then momentarily relaxed, spouting vessels were picked up 
with forceps as rapidly as possible, this manceuvre being repeated until 
all bleeding points had been secured, and this was done in the quickest 


_ manner in order not to compress the renal artery for more than a few 
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minutes at a time. There was, of course, considerable hemorrhage, 
owing to the pressure being maintained intermittently, but this seemed 
preferable to avoiding hemorrhage by continued pressure on the renal 
artery, a prolonged arrest of circulation being liable to produce secondary 
changes in the kidney. 

The principal hemorrhage was from the arteries which had been 

completely divided in the hilum of the kidney, usually they were 
secured with ease, though sometimes their retraction occasioned some 
difficulty. It was clear that ligature of these completely divided vessels 
could not affect in any way the circulation in the remaining portion of 
the kidney. There was also considerable hemorrhage from vessels at 
the junction of the cortex and medulla. Sometimes there was much 
difficulty in securing these bleeding points, more especially if a vein 
happened to be divided or torn longitudinally, as not infrequently 
occurred. Hemorrhage in this situation was usually arrested by passing 
a curved needle with « ligature under the bleeding vessel, including as 
little Renal tissue as possible. It is usually impossible to pick up with 
forceps and tie vessels in this position. Other hemorrhage was stopped 
by pressure with cotton wool, and the cut surfaces were not approxi- 
mated until all hemorrhage had ceased. It is very important to avoid, 
by complete arrest of hemorrhage, any undue strain on the sutures 
with the consequent risk of tearing the kidney substance. 
_ Three silk sutures, passing deeply through the kidney were then 
inserted, and the cut surfaces brought together with all possible accu- 
racy, the sutuses-were then tted-as loosely as the necessary approxima- 
tion of the cut surfaces would permit. A number of horsehair sutures 
were then passed through the capsule and the cortex, and finally a few 
fine horsehair sutures through the capsule only, so as to produce as 
perfect an apposition of the cut surfaces as possible. 

During the operation on the kidney the abdominal wound was 
packed with cotton wool to prevent any blood getting into the abdo- 
minal cavity. The peritoneum was sutured with fine horsehair, all the 
layers of muscles were separately sutured, the skin also was similarly 
sutured and the wound completely closed and dressed as follows :— 
boracie acid was dusted over in considerable amount, and then several 
layers of sublimate gauze applied and fixed with thick collodion, — 
Ina few experiments the upper and lower extremities of the kidney 
were excised instead of a wedge-shaped fragment from the middle. In | 
these cases a wedge from each end of the organ was removed, but the 
incisions were so planned that the base of each wedge included the 
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upper or lower extremity of the kidney as the case might be, while the 
apices of the wedges were directed towards its middle. 

Owing to the shape of the kidney, it is difficult to plan the incisions 
in such a manner as to remove a considerable wedge from the ends, 
and at the same time produce a wound that lends itself to the easy 
approximation of the cut surfaces. In other words, with this operation 
a minimum of kidney is removed with a maximum of mutilation. This 
| operation was only done in a few instances, «.e. in No. 32 and No. 33, 
it is however a perfectly feasible one, though more difficult than the 
usual procedure described above. 

Finally, it may be said that the two most important points to be i 
observed in order to ensure success are, first, the complete arrest of all 
hemorrhage, preferably by gentle pressure, and secondly, the planning 
of the incision in the kidney in such a manner as to get the best 
apposition of the cut surfaces with the minimum of traction and torsion 
of the vessels in the hilum. 

In the operation involving removal of the entire kidney, the hilum 
was secured with a single silk ligature encircling artery, vein, and 
ureter. | 

In the cases where the ureter was tied, it was exposed by an incision 
about 14 inches long at the edge of the rectus abdominis, and ligatured 
close to its entrance into the urinary bladder. 

Chemical, The animals during observation were kept in specially 
constructed chambers, the floor consisting of glazed earthenware and 
the sides of glass. All the internal surfaces were smooth and all cracks 
and crevices were leaded over. The chamber stood on legs, and was 
tilted so that the urine ran to one corner, where a funnel-shaped 
aperture conveyed it to a basin underneath. Two chambers were used 
for each dog, the animal staying in one 24 hours, and then being placed 
for the next 24 hours in the second. 

The first chamber was then washed out, and the washings retained 
for the nitrogen in them to be determined. The feces were scraped up 
and weighed daily. A measured quantity of water was put in a basin 
in the chamber, and hence the amount drank was determined, except 
in a few instances where the basin was upset. Weighed quantities of 
food, 1.e. dog biscuit or meat or both were given, and when eaten, fresh ~ 
quantities were supplied. In the determination of the amount of 
nitrogen present in the food, urine and feces, Kjeldhal’s method was 
the one employed, and that modification selected in which red oxide of 
mercury is added to ensure oxidation, | 
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For some time the amount of nitrogen present in the food, «.e, dog 
biscuit or meat, was actually determined daily from a sample of the 
biscuit or meat given. When a considerable number of observations 
had thus been accumulated, the quantity of nitrogen given was calcu- 
lated from these data and actual determinations were only occasionally 
made. Urea determinations were made by the hypobromite process, 
total solids were determined by evaporation in a platinum dish in a 
hot air chamber at a temperature of 80°, and total sulphates were 
determined by precipitating 50 c.c. of urine with a mixture of barium 
chloride and barium hydrate, the urine being first acidified with 
hydrochloric acid and boiled. The aromatic sulphates were determined 
by precipitating 100 cc. of urine with the baryta mixture, filtering, 
acidifying the filtrate with hydrochloric acid, boiling, and then placing 
the boiled filtrate in a hot oven for one to two hours. The phosphate 
determinations were made in the usual manner with uranium nitrate. 

The analyses of blood and tissues were carried out as follows :— 

The blood was always obtained by inserting a cannula in the carotid 
under chloroform. The proteids of the serum were estimated by col- 
lecting the coagulated proteid obtained by mixing 5 c.c. of serum with 
50 c.c. of boiling absolute alcohol. The precipitate was collected, 
washed with alcohol, ether and water, dried in the hot oven at 120°C. 
and weighed. Frequently as a control the dried proteid mass was then 
oxidised by Kjeldhal’s method and the amount of, nitrogen present 
determined. 

The total nitrogen of the serum was also determined and sometimes 
the nitrogen present in the form of extractives in the serum. Usually, 

_ however, only the nitrogenous extractives of the blood were determined. 
This determination was carried out according to the following method, 
which was also employed for the tissues, muscles, liver and brain, after 
they had been well minced in a sausage machine. 

The blood, to the amount of 50 c.c. was received into a larger 
volume, ¢.¢. 100 to 150 c.c. of rectified alcohol, and allowed to stand 
in this for some weeks. The alcoholic extract is then collected and 
filtered, a screw press being used to squeeze as much.as possible out of 
the blood. This alcoholic extract was then carefully evaporated to 
dryness on a water-bath, and the dried residue was extracted with 
absolute alcohol, always twice and sometimes three times. The first, 
second and third portions of the alcohol extract were all mixed together, 

~~ Crfiltered, and again evaporated to dryness on the water-bath. This dry 
bi roaidue, soluble i in absolute alcohol, was then dissolved in some 20 c.c, 
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of water, and the watery extract divided into two equal portions, One 
is treated with hypobromite of soda in the usual way, and the amount 
of nitrogen thus ‘liberated measured; the other is treated by the 
Kjeldhal method and the total nitrogen thus determined. The 
residue, which is insoluble in absolute alcohol, but soluble in the 
original extract made with rectified alcohol, was then dissolved in 
water, and this also was divided into two equal portions, one being 
treated by the hypobromite process, the other by the Kjeldhal.. 

In this manner the nitrogenous extractives present were separated 
into two groups, (a) those soluble in absolute alcohol; (6) those soluble 
in rectified alcohol, but insoluble in absolute alcohol. In both (a) and 
(b) determinations are thus made of the amount of nitrogen liberated 
by hypobromite of soda, and of the total amount of nitrogen present. 

In the case of the blood, it was soon found to be unnecessary to 
make determinations in the case of the rectified extract (6), as nearly 
all the nitrogenous extractive matter was soluble in absolute alcohol. 
In the case of the tissues however, it was different, as large quantities 
of the nitrogenous extractives were found to be soluble in the rectified 
alcohol but not soluble in the absolute. 


TI. SuMMARY OF EXPERIMENTS AND MORTALITY DIRECTLY DUE 
TO OPERATIVE PROCEDURES, 


It is to be understood that this summary includes all experiments ~ 
attempted, and that no selection, excluding failures, has been made. 
The removal of a portion of one kidney was attempted on 33 dogs. 
In one case, No. 20', no ligatures were used to arrest the hemorrhage 
from the kidney, and this animal died from loss of blood on the sixth 
day. In cases No. 8 and No. 10 the wound became septic and the 
animals were killed with chloroform ; in No. 29 a wedge of kidney was 
excised, and an attempt made to graft the fragment removed in the 
peritoneum. The animal died on the fourth day after the operation. 
These failures were all due to preventable causes. Hence the 
excision of a portion of one kidney in dogs although a severe operation 
is not immediately dangerous to life. One dog, No. 17, died 36 days 
after the operation. 
_ There were then 28 dogs left available for the performance of the 


The number identifying the dogs do not ran at the time 
___ these experiments were in progress I was engaged in other work, | 
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second operation, i.e. removal of the entire kidney on the opposite side. 
Five animals died from causes immediately connected with this opera- 
tion. No.7, No, 16, and No. 24 died during the chloroform anzsthesia. 
This is a heavy chloroform mortality, bué I am not inclined to attribute 
it to any but accidental causes, and perhaps some carelessness in its 
administration. In one case—No. 38—the wound became septic and 
the animal was killed eight days after the second and 45 days after 
the first operation. No. 49 died apparently from shock; in this case 
the operation consisted in excising a wedge from the second kidney. 
_ There were thus 23 dogs on which both operations were successfully 
carried out and in all these cases the wounds healed well and the 
animals survived for varying periods, as will be seen in detail in the 
sequel. 
| In some of the 23 successful cases more than two operations were 
performed on the same animal, ¢.g. No. 34, No. 35. In No, 34 and 
_ No. 85 a wedge was excised from the left kidney, subsequently a wedge 
from the right kidney, and lastly, in a third operation the remains of 
the right kidney were removed. In No. 44 and No. 46 the ureter was 
tied instead of extirpating the kidney. 


Tabular statement of all Experiments. 


2 


Death after 1st operation, from hemorrhage. 

Death after 1st operation. Wound became septic, Animal killed. 

Death after Ist operation. Cause of death unknown. Lived 36 days. 
Death during performance of 2nd operation. Chloroform syncope. 

Death soon after 2nd operation. Wound became septic. Animal killed. 
Death immediately after 2nd operation. Cause of death shock. | 

Killed 5 days after 2nd operation. 


Observations on amount of kidney 


Survived 2nd oo Animals 


* Second operation fatal. 
killed in good heal 


Prolonged survival after Qnd Gpe- 
ration doubtful. 
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IV. Tar EFFECTS FOLLOWING THE REMOVAL OF A PORTION OF 
ONE KIDNEY. 


A. On the general nutrition. As mentioned above, this operation 


_ was carried out successfully on 29 dogs. 


The excision of a piece of one kidney was followed s a good deal 
of shock during the first few hours after the operation. This is in 
rather striking contrast to the slight shock produced by the removal of 
an entire kidney. It is no doubt largely due to the much longer time 
required for the former operation, and to the hemorrhage, which is 
always considerable. The possible effect produced by the manipulation 
of the kidney and the structures in the hilum must be taken into 
account, and also the traction caused by the approximation. and 
suturing of the portions of the kidney left. The piece of kidney 
removed amounted approximately to }—4 of the entire kidney. There 


is a fall of temperature of 2°F. to 3° F. after the operation, but the 


next day the temperature again reaches the normal height, or more 
usually exceeds it slightly by 1 or perhaps 2°F. By the third or 
fourth day, if all goes well, the temperature regains the normal. 
During the first few days the appetite is poor, there is some thirst, and 
slight vomiting occasionally occurs. Frequent and severe vomiting 
always suggests peritonitis. 

The operation is not followed by any great deterioration in health, 
since—with one exception, No. 17,—all the animals survived for con- — 
siderable periods, e.g. in some cases between five and six months? and 
doubtless they would have lived much longer, but that the second 
operation was then performed. The principal result observed was that 
the body weight frequently suffered a slight loss. In estimating the 
significance of this fact, it must be remembered that the hygienic 
surroundings of the animals, necessarily confined in the laboratory, 


were not of the best. 


Observations on the effect of the operation « on the body weight 
were made in 24 out of the 29 cases. In seven cases the animal 
regained its initial weight. In four cases the animal increased in 
weight. In 12 cases it — in weight, as the — Table 
shows :— 


1 No. 49 lived about 8 months. In two further experiments, done at a later period, 
the animals were in good health 15 months and two years respectively after the operation, 
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One-eighth 
_ One-tenth 
About one-third - 
 One-thirteenth 
One-seventh 
One-twentieth 
One-fifteenth 
One-eighth 
One thirty-second 
-—One-seventh 
One-seventh 
One-thirteenth 


Death from asthenia 


In all cases there is a fall in body weight during the first few days 
after the operation, no doubt largely due to failure of appetite. In 
the remarks made above only the more persistent loss of ~~ is 
considered. 

_ We see from the Table that there was only one case, No. 17, in 
which any considerable loss of weight was found. This animal recovered 
from the immediate effects of the operation, but after three weeks 
began to emaciate, the appetite fell off and vomiting occurred fre- 
quently. The animal died on the 36th day, the body weight having 
fallen from 5 kilos to 3°5 kilos. No obvious cause of death was 
detected post mortem. The kidney from which the wedge had been 
removed had undergone great atrophy, the fragment found post mortem 
weighing only 3°5 grms., 7°6 grms. had been removed at the operation. 
The opposite kidney was apparently normal, weighing 18 grms.. In 
all the other cases the loss of weight was slight, the maximum loss 
being one-seventh of the initial body weight. Notwithstanding the loss. 
in weight the animals remained in good health. 

In four cases, No. 9, No. 14, No. 32 and No, 44 the first operation 
was followed by an increase in the body weight,—No. 9 weighing 
6°6 kilos gained ‘55 kilos in 38 days, No. 14 weighing 6°16 kilos gained 
‘45 kilos in 42 days, No. 32 weighing 6:16 kilos gained 1:32 kilos in 
46 days, No. 44, weighing 9°68 kilos gained ‘88 kilos in 20 days but 
subsequently lost it again. 

From these observations I think we may conclude that this opera- 
tion is not followed by any great alteration in the body weight, 
indicative of any profound disorder of nutrition. 

B. On the urine. A distinction must be drawn between the 
- immediate and the remote effects of the operation on the urinary 
secretion. 

The immediate effects are generally considerable and well marked, 


a 
< 

a 

‘WZ 

a 

a 
7 

‘al 

% 

be 
a 
Bie 
a 
+ 
4 wg 


426 BRADFORD. 


the remote effects are frequently comparatively trivial. In the first 
place suppression or retention of urine has not been noted as a result 
following the excision of a portion of one kidney’ that is to say, 
suppression or retention for any length of time, eg. 24 hours. No 
observations were made as to whether the actual operative procedures 
caused any temporary suppression within the first few hours of the 
operation of the removal of a wedge. The method employed was not 
capable of giving accurate information on this point, and inasmuch 
as catheters were not used, no distinction could be drawn between 
suppression and retention. As far as my observations go, I find that 
a fair amount of urine was passed during the first 24 hours following 
the operation. In this connection it is to be remembered that when 
normal dogs are placed for the first time in the collecting chamber, it is 
not at all uncommon for no urine to be passed during the first 24 hours, 
and this is more commonly observed with normal dogs than in the first 
24 hours following the operation of excision of a portion of one kidney. 
The dogs were, however, only placed in the collecting chamber within 
24 hours of the operation in a few cases, but no suppression or retention 
was observed in any of them. 

During the first few days, sometimes for as long as a week, the — 
urine contains blood in varying amount; frequently none is seen after 


the third day. All the time that the urine is bloody it is increased 


notably in quantity. The increase in the quantity of urine persists 
after the hematuria has ceased. In the preliminary communication to 
the Royal Society in 1892, I thought that the increase of urinary ~ 
water, or hydruria, was transitory, and that the urine soon returned to 
its normal quantity. It is so in some cases, but a more extended series 


of observations has shown. that frequently this hydruria* persists as 


long as the animal has been kept under observation. I am inclined to 
modify the original statement as follows :—it is exceptional for the urine 
to return at all exactly to its original quantity and. density, the most 
usual condition is one where the urinary water is distinctly increased in 
amount and occasionally this increase is quite large. 

In Nos. 5, 6, 14, 17, 19 and 48 the quantity of urine after the first 
operation was observed, but from various accidental causes, e.g. upsetting 
drinking water, etc., no records of 23g quantity passed before operation 


1 Compare Tuffier, op. cit. supra, 

2 In this paper the term ‘‘Hydruria” is used to signify an sbeias in urinary water, 
and the term “ Polyuria ” for of rinary water gins 
solide. 
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are available, In the cases of Nos. 5, 17 and 48 the quantity of urine 
was approximatel y doubled, if we suppose that the animals before 
operation passed quantities of urine analogous to those passed by other 
normal dogs. In the other three cases the quantity of urine was not 
very greatly increased. In all six cases the specific gravity was lower 
than normal. 

The following Table’ gives the facts observed in the 16 cases in _ 
which complete records were made : 


First observation Second observation 
No. ot Interval Urine after Interval 
operation operation op. & obs. operation op. & obs. 
123 c.c 260 c.c. 23 days 
11 132 ,, 256 ,, 13 ,, 
12 137 ,, 333 ,, 9» 
16 166 ,, 224 ,, 28 ,, 200 ¢.c. 35 days 
(21+7) 
21 113 ,, 98 ,, 19 da 
(15 + 4) 
22 86 ,, 156 ,, 39 days 
(35 + 4) 
23 115 ,, 140 ,, 20 days 212 c.c. 4idays — 
24 130 ‘s 128 ” days 
28 92 ,, 122 ,, 9 days 
82 96 ” 171 81 ” 
34 163 ,, 
35 69 ,, 205 ,, $1 ,, 
296 ,, CC, 
44 133 ,, 229 ,, 23 ,, 
46 ” 128 ,, 21 ,, 
70 190 10 ” 


In two cases, Nos. 21 and 24, the quantity of urine was slightly 
- diminished, so slightly however that no stress could be laid upon the 
fact. In all the other 14 cases hydruria more or less considerable in 
amount was produced. In seven cases the daily quantity was doubled, 
or more than doubled, in the other seven cases the increase, although 
marked, was not so great in amount. This hydruria is seen in the first 
week after operation, as No. 12 and No. 49 show, sometimes it persists, 
as in No, 34. On the other hand, the hydruria may disappear. 

The specific gravity of the urine is considerably lowered, falling as 
it does from the normal, varying between 1050 and 1030 to one varying 
between 1020 and 1010. 


2 The number of days between operation and observation in this Table does not 
coincide with Table I., Proc, Royal Soc., because in the latter case the time was estimated 
to the commencement of period of observation, wheres in above Table tothe end of period 
of observation. 
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Effects of the first operation on the urea excretion. 


Complete records of the urea before and after — exist in 
13 cases, The following Table gives the results: 


Effect on B.W. before after feeces after Interval 
No, a gy tion between 
of dog grms.) (in grms.) (in grms.) (do grms.) op. & obs. 
21 9°7 8 Biscuit 170 Biscuit 150 19 days 
Feces 56 oh 
24 *44 kilos lost 16 14°8 Meat 200 Meat 200 | aes 
in 5 days Feces 10 Feces 12 
46 *22 kilos gained 71 6°4 Biscuit 148 + 185 21 ,, 
; Feces Feces 63 
49 33 kilos lost 8°4 72 Biscuit 171 Biscuit 60 10 ,, 
in 5 days Feces Feces 14 
23 22 kilos lost 16 16 Meat 150 Meat 150 , 
in 7 days Feces 7 Frees 8 
22 Not observed 5 7 B. soaked 230 B. soaked 227 39 ,, 
Feces 56 Feces 79 
28 Nolossin6days 89 °®#11°16 Biseuit 100 Biscuit 116 19 ,, 
100 Meat 100 
Feces 51 Feces 42 
32 ~=No loss in 6 days 7 13°5 Biscuit 150 — Biscuit 250 31 ,, 
Feeces Freces 141 
384 Nolossin6days 9°5 Biscuit 66 183 565 ,, 
Feces 11 Feces 
35 *22 kilos gained 8°7 11°2 Biscuit 150 Biscuit 181 431 ,, 
in 7 days Feces 33 F 
37  =©°22 kilos lost 6 6°35 Biscuit 171 Biseuit 131 93 ,, 
in 7 days Feces Feces 48 
38 -22 kilos gained 5 8°3 Biscuit 166 Biscuit 200 34 ,, 
in 7 days Feces 98 Feces 144 
44 ‘88 kilos lost j= 82 £108 Biscuit 164 #Biseuit 200 23 ,, 
in 7 days Feces 65 Feces 115 


Several points have to be remembered in considering the effects 
of the first operation on urea excretion. First, as explained above, the 
animal frequently lost weight rapidly immediately after the operation, 
this loss being subsequently made up; secondly, both before and after 
the first operation the ingesta were often very different in amount and 
sometimes in quality (meat versus biscuit). Sometimes, more especially 
when the observations were made soon after ows operation the ingesta 
were diminished, ¢.g. No. 49. 

In No, 21 the effect on the urea was not uinik and in this case was 
associated with a slight diminution in the diet. 

In No. 22 the amount of urea excreted was small in view of the 
amount of biscuit given. This was probably due to the biscuits being 
soaked for many hours previously to being given. 

In Nos. 23, 24 and 28 the effects on the urea were small. 

In Nos. 32 and 34 the very large increase in urea was dependent o on 
the great increase in ingesta. 
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No. 35 is a little puzzling, and will be considered in detail below, as 
_the increase of urea is out of proportion to the increase in ingesta. _ 

In No. 37 the ingesta was diminished, but: the urea remained 
practically the same, both before and after the operation, though the 

animal lost weight slightly. 
| In No. 38 the increase of urea was enncciates with an increased 
diet. 

In No. 44 there was a loss of body weight during the. time the 
animal was in the chamber, but there had been a considerable increase 
in the body weight prior to the operation and after the period of the 
first observation. i 

In No. 46 an increased diet was associated with a slight increase in 
body weight and a small daily diminution in the urea excretion. 

_ In No. 49 there was a great loss of appetite and some loss of weight, 
the urea excretion falling a little. 

To appreciate fully the fluctuations seen in the above Table, the 
sequel giving full details of some of the experiments must be consulted. 
From the method adopted, 7.¢. allowing the animal to eat more or less 
ad libitum, and giving fresh supplies when all had been eaten, it is 
obvious that considerable fluctuations in urea excretion must occur. It 
is to be noted, however, that in those cases where there was a con- 
siderable increase in the urea excreted after the operation, there was 
either a notable and often a very considerable increase in diet, or else 
there was a loss of weight frequently considerable, but only of temporary 
duration, and subsequently quite recovered from. 

In Nos. 32 and 34, where the increase in urea was most notable, it 
was clearly dependent on the great increase in diet. 

Finally, in no case was there any permanent and progressive loss 
of body weight, associated with a persistent and notable increase in the 
amount of urea excreted. | 

On comparing Table (page 427) with Table (page 428) we see that 
in all the cases in which the quantity of urea excreted was increased 
after the operation, the quantity of urine was also increased. At first 
sight it might appear as if the hydruria described above-was dependent 
upon the increase of the urea excretion. That such is not the case, 
however, is seen from the fact that a notable increase in the amount 
of urine may occur without any notable increase in the quantity 
of urea excreted, ¢g. No. 11, where the urine was approximately 
doubled, whereas the quantity of urea was ~ diminished, falling 
from 9 grms. to grms. 
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Effects of the first operation on the urea excretion. 


Complete records of the urea before and after operation exist in 
13 cases. The following Table gives the results: 


Urea Urea Food and and 
No. = on B.W. before after feeces Interval 
of dog observa : (in gems.) (in grms.) (in grms.) (in grms.) op. &obs. 
OWNili 9°7 8 Biscuit 170 Biscuit 150 19days 
| Feces 65 Feces 56 ! 
24 ‘44 kilos lost 16 148 Meat 200 Meat 200 
in 5 days oe Feces 10 Feces 12 
46 *22 kilos gained 71 6°4 Biscuit 148  Biseuit 185 21 ,, 
Feees 30 Feces 63 
49 kilos lost 8°4 72 Biscuit 171 Biscuit 60 
in 5 days Freces Feces 14 
23 °22 kilos lost 16 16 Meat 150 Meat 150 eee 
in 7 days Feces 7 Feces 8 
22  ##Not observed 5 7 B. soaked 230 B. soaked 227 39 ,, 
Feces 56 Feces 79 


28  Nolossin6days 89 11°16 Biscuit 100 Biscuit 116 19 


82 Nolossin6days 7 18% Biscuit 1150. Biseuit 250 31 
84 NolossinGdays 54 #95 Bisonit 66 Biscuit 183 56 ,, 
85 


Feces 11 Feces 56 
"22 kilos gained 8°7 11°2 Biscuit 150 Biscuit 181 31 ,, 


in 7 Frees 33 Frees 95 

37 kilos 6 6:35 Biscuit 171 Biscuit 131 93 ,, 
in 7 days Feces 66 Feees 48 

‘38 $$-‘22kilosgained 5 8°3 Biscuit 166 Biscuit 200 34 ,, 
in 7 days . Feces 98 Feces 144 

44 ‘88kilos lost 82 Biscuit 164 Biscuit 200 
in 7 days Feces 65 . Feces 115 


Several points have to be remembered in considering the effects 
of the first operation on urea excretion. First, as explained above, the 
animal frequently lost weight rapidly immediately after the operation, 
this loss being subsequently made up; secondly, both before and after 
the first operation the ingesta were often very different in amount and 
sometimes in quality (meat versus biscuit). Sometimes, more especially 
when the observations were made soon after the operation the ingesta 
were diminished, ¢.g. No. 49. 

In No. 21 the effect on the urea was not great, and in this case was 
associated with a slight diminution in the diet. 

In No, 22 the amount of urea excreted was small in view of the 
amount of biscuit given. This was probably due to the biscuits being 
soaked for many hours previously to being given. 

In Nos. 23, 24 and 28 the effects on the urea were small. 

In Nos. 32 and 34 the very large increase in urea was dependent on 
the great increase in ingesta. 
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No, 35 is a little puzzling, and will be considered in detail below, as 
_the increase of urea is out of proportion to the increase in ingesta. 

In No. 37 the ingesta was diminished, but the urea remained 
practically the same, both before and after the operation, though the 
animal lost weight slightly. 

diet. 

In No, 44 there was a loss of body weight during the time the 
animal was in the chamber, but there had been a considerable increase 
in the body weight prior to the operation and after the period of the 
first observation. 

In No. 46 an increased diet was associated with a slight 3 increase in 
body weight and a small daily diminution in the urea excretion. 

In No. 49 there was a great loss of appetite and some loss of weight, | 
the urea excretion falling a little. 

To appreciate fully the fluctuations seen in the above Table, the 
sequel giving full details of some of the experiments must be consulted. 
From the method adopted, z.¢. allowing the animal to eat more or less 
ad libitum, and giving fresh supplies when all had been eaten, it is 
obvious that considerable fluctuations in urea excretion must occur. It 
is to be noted, however, that in those cases where there was a con- 
siderable increase in the urea excreted after the operation, there was 
either a notable and often a very considerable increase in diet, or else 
there was a loss of weight frequently considerable, but only of temporary 
duration, and subsequently quite recovered from. 

In Nos. 32 and 34, where the increase in urea was most notable, it 
was clearly dependent on the great increase in diet. 

Finally, in no case was there any permanent and progressive loss 
of body weight, associated with a persistent and notable increase in the 
amount of urea excreted. 

On comparing Table (page 427) with Table (page 428) v we see that 
in all the cases in which the quantity of urea excreted was increased 
after the operation, the quantity of urine was also increased. At first 
sight it might appear as if the hydruria described above-was dependent 
upon the increase of the urea excretion. That such is not the case, 
however, is seen from the fact that a notable increase in the amount 
of urine may occur without any notable increase in the quantity 
of urea excreted, eg. No. 11, where the urine’ was approximately 
doubled, whereas the quantity of urea was oo diminished, nities 
from 9 grms. to 6°5 grms. | 
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In No. 38 the urea excretion remained the same, but the quantity — 
of urine was slightly increased. 

In Nos. 46 and 49 also a notable increase in urinary water was seen, 
with a slight diminution in the quantity of urea excreted. 

_ In two cases, Nos. 21 and 24, as mentioned above, a diminution in 
the ‘urea, excreted was accompanied by a ctmaiuton in the quantity 
of urine excreted. 

Hence, to sum up these remarks’: in no case was there an increase 
in the amount of urea excreted, without there being an increase in the 
amount of urinary water excreted, but frequently an increase occurred 
in the amount of urine excreted without any increase of urea. The 
quantity of urine was unaffected or diminished in two cases = es dr 
in both of these the output of urea was slightly diminished. 

Although an increase in urinary water was so frequently associated — 
with an increased excretion of urea, yet the relationship between the 
two was not constant, the increase in urinary water being far greater in 
_ amount than the increase in urea. See Nos. 12 and 35, in both of 
_ these the quantity of urine was increased far more than the amount 
of urea. In No. 12 the amount of urine was approximately doubled, 
the urea increased by one-half of its previous amount. In No. 35 the 
quantity of urine was trebled, the urea increase being about one-half 
of its previous amount. 

In normal dogs an increased excretion of urea dependent upon 
increased diet is not invariably associated with an increased excretion 
of urine, not infrequently the urine becomes more dense, containing 
a higher percentage of urea. In these dogs, after this partial neph- 
rectomy, a low specific gravity urine is the rule, and an increased 
excretion of urea is accompanied invariably by an increased amount 
of urine, although the increase in the urea and =e urine do not run’ 
part passu. 

The question of the permanency of this hydruria will be discussed 
at length in the next Section. 

We will now turn to the question of the effects of this partial 
nephrectomy on the kidney itself. In discussing this it will probably 
be best to express the amount of kidney removed, not only as the 
actual weight but as a fraction of the body weight, for, owing to the 
hypertrophy ensuing in the opposite kidney and the atrophy of the 
operated kidney, it is difficult to express it in a fraction of the observed 


14d out of 16 urine increased in quantity. 9 out of 16 urea increased in quantity, 
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total kidney weight. The weight of the kidneys in 50 normal dogs 
compared with the body weight was observed, and an average obtained, 
and this is spoken of in the. paper as the calculated kidney weight. 
The observed total kidney weight is the sum of the weights of the 
fragment or fragments removed at the first operation plus the weight 
of the opposite hypertrophied kidney removed at the second operation, 
plus the fragment of kidney found post mortem. 

C. Effects on the kidneys. The wound in the kidney substance 
caused by the partial nephrectomy heals rapidly and soundly, and the 
scar produced is remarkably linear. The union of the opposite surfaces 
is much better effected in the cortical portion of the kidney than in the 
medullary. In all cases the two opposite cortical surfaces have been 
found soundly united, whereas not infrequently there is no fibrous 
union between the opposed medullary surfaces, these simply lying in 
juxtaposition. There is no general cirrhosis of the organ. There is a 
little spreading of the scar laterally in the cortex, so that here it is 
slightly wider than in the medulla. There is a certain amount of 
puckering of the cortex, this is dependent upon the necrosis of the 
portion of the kidney substance included between the deep sutures 
used to approximate the two surfaces. 

In cases where death followed within a few days of the first 
operation, the kidney tissue in this region is sometimes seen to be 
necrotic, probably due to the sutures interfering with the blood supply, 
although from the mode of their insertion this interference would be 
minimal. The fact of the occurrence of necrosis and atrophy of the 
portion of the kidney included between the sutures is further shown at 
the autopsy by the sutures being always found loose. 

The pelvis of the kidney is frequently found to contain calculi. 
The calculi encrust the horsehair ligatures used to arrest hemorrhage ; 
_ similar incrustations have been found round the three deep silk sutures 
used, but I do not remember to have observed any calculous deposit — 
round the horsehair sutures which were employed in stitching the 
cortex; they were only seen where the sutures or ligatures dipped into — 
the pelvis of the kidney. In one case, No. 44, where the animal 
survived the first een 63 days, the pelvis of the kidney \ was found 
to be full of stones’. 

Finally, the kidney was usually found to be adherent to the 
—, structures, more especially to the liver and — 
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abdominal wall. In all cases the adhesions could be readily broken 
down by the finger. No thrombosis of the renal — was ever 
observed. 

The question whether hypertrophy of remaining sub- 
stance occurs is not easily answered. In investigating the point I have 
made use of two methods: (1) the weight of kidney freed from blood, 
fat, etc., was determined in 50 normal dogs, and the ratio of the 
kidney weight to body weight determined, the average obtained being 
6'7 grms. of kidney per kilogram of body weight. This method is open 
to several fallacies, and more especially perhaps because the bigger 
animals were of a different breed to the smaller. Again, one kidney 
often weighs a few grms. more than its fellow, but I do not think that 
any very serious error has been introduced by calculating the supposed 
kidney weight in this manner. (2) The other method used was to 
compare the wedge removed with a section of the opposite kidney, and | 
with the fragment of kidney found post mortem, and to see whether 
any atrophy or hypertrophy had occurred by gross naked eye measure- 
ments of the thickness of the cortex, medulla, ete. In-this way it was 
often quite easy to see whether any great amount of hypertrophy or 
atrophy had taken place. It is, of course, understood that all the 
kidneys or portions of kidneys were hardened in precisely similar ways. 

The following Table gives the results in 29 cases, where a portion 
of one kidney was successfully removed. In three cases, Nos. 1, 3 
and 5 the data are not complete, owing to the weight of the dog having 
been omitted or lost, and in two cases, Nos, 44 and 46, owing to the 
ureter being ligatured instead of excising the second kidney, the — 
weight of this second kidney could not be determined. 

It will be observed that the amount of kidney removed at the first 
operation is expressed in three columns, in the first the actual weight 
in grms. is given; in the second the amount of kidney substance 


removed is expressed in grms. per kilo of body weight. Itisclear that 


this gives a better idea of the amount of kidney removed, since in two. - 
dogs of different body weight it may easily come about that in the case 
where the smaller absolute amount of kidney had been excised, really | 
the larger relative amount had been removed. Compare No. 2 and 
No. 6 where this is at once observed by the — of the second 
column. | 

In the third column the quantity of kidney eel’ is expressed, 
but only approximately as a fraction of the total kidney weight, 
67 grms. per kilo being taken as representing the total kidney weight. 
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Hence this column is calculated on the basis of the observed body 
weight, and the deduction previously mentioned, that there are normally 
6°7 grms. of kidney substance per kilo of body weight. 


| Weight of te kidney Weight of Total 
Amount of kidney removed and inte: between fragment found kidne 
at Ist o Ist and 2nd o P. M. 
1 ? 7 ? ? ? 84°5 30 ? 273 ? 69 
2 9°25 10 1°08 $ 81 42 14 21 28°5 62 80 
3 ? 15 ? ? 28-4 «18 ? 15 ? 68 
4 6°93 10° 1°5 + to } 23 25°5 85 12°6 136 46 49 
5 ? 6°4 ? ? ? 19 56 ? ig 
6 4°8 74 1°54 ; to } 16°5 24°4 25 9°1 105 383 42 
7 4:4 56% 1°26 to 15 19 54 9°5 85 80 28 
1l 7 ~~ § 1°14 23°5 25°5 21 15°5 18 49 651 
12 8°36 8 0°95 28 30 15 20 12 56 §=50 
14 6°16 8 1°3 20°5 19°5 42 12°65 82 41 85 
16 6°6 6. O91 + 22 24°7 36 16 13 44 43 
17 52 76 146 17 18 360 
19 6. 0°95 20 26°2 81 143 14 40 46 
21 £61 8 29 12 16 88 45 
22 6°16 5 0°81 20°5 18°5 89 15°5 10 41 383 
23 4°8 65 135 . 42 105 10 383 
2% 68 #10 147 26 384 125 9 45 658 
28 5°7 45 2°19 4 circa 19 23 21 7 78 388 48 
+?8 circa circa circa 
82 616 5 O81 } 2005 2 38 165 175 41 «44 
33 8 8 + to 26°5 82°83 44 18°5 132% 58 62 
34 8°14 8 0°98 + 27 23°38 114 19 145 654 46 
35 30 31 169. 21 81 60 48 
37 5°28 7 1°32 4 17°5 20 96 10°5 95 35 36 
88 5°7 6 1°05 a 19 23 38 1 15 88 44 
44 9°68 12°55 1°29 32°5 Ureter 20 194: @ 
46 715 76 1°06 4 24 siti 164 47 48 ? 
48 5 98 1°96 + to 16°5 21 43 6°7 42 33 35 
49 7°26 11 1°57 ¢ to 24 254 13 33 48 
| +17 
= 30°5 


N.B. Nos, 8, 10, 20 and 29 died from the effects of 1st operation. No. 49 died 
from the shock following the 2nd operation, which consisted in removing a portion of 
the second kidney. 


The weight of the second kidney is expressed in two columns; 
in the first, calculated weight, 1.e, half the total calculated kidney 
weight at the estimate of 6°7 grms. per kilo of body weight (as already 
mentioned, this is only approximately correct). In the second column 
the actual weight on removal is given. The weight of the fragment 
found post mortem is also given in two columns. In the first the 
estimated weight is arrived at by deducting the weight of kidney 
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removed at the first operation from the calculated weight of an entire 
kidney. In the second column the actual weight observed post mortem 
is given. | 

The total kidney weight is also expressed in two columns, the first 
calculated as before explained on the basis of 6°7 grms. of kidney per 
kilo, the second being the sum of the actual weights of kidney substance — 
removed plus the weight of kidney substance found post mortem. | 

Having thus described at some length how the above Table was © 
constructed, and having also indicated its possible fallacies we will now 
describe the results. Having the possibility of fallacy strongly before 
my mind it must be understood that all conclusions as to hypertrophy 
and atrophy were checked by actual measurement of the pieces of 
kidney removed, so that the conclusions were not drawn entirely from 
the consideration of this Table. 3 | 

(1) The effects of removal of a portion of one kidney on the 
opposite kidney. Numerous observations have established the well- 
known fact that after removal of one kidney, the opposite kidney may 
undergo a rapid increase in size. All observers are agreed in this, but 
there is some difference of opinion as to the nature of the increase, 
whether it is due to the formation of new tubules, etc., or to an increase 
in the size of pre-existing ones. | 

Since some hypertrophy, true or false, so frequently follows removal 
of one kidney, it is a question of some interest whether hypertrophy 
of the opposite kidney follows the excision of a portion of one kidney. 
On inspecting the Table with this object it will be found that as judged 
by weight," 
Considerable hypertrophy occurred in 4 cases, Nos. 2, 6, 19, 24. 


Moderate 6 =©Nos. 7, 9, 23, 28, 38, and 
48, 
Slight 7 ,, Nos. 4,11, 12, 16, 21, 32, 
Slight atrophy _,, és 2 , Nos. 14 and 22. 
Practically no effect 


We see from this analysis that observations were made on the | 
first point by weight in 20 dogs, and that in 17 of these sometimes 
considerable and sometimes slight hypertrophy occurred, and that in 
two cases slight atrophy ensued, or rather that the calculated kidney 
weight was higher than the actual weight observed. 


1 Nos. 33, 34 and 35 are not included, as portions of both kidneys were excised. 
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By direct inspection and comparison of the portion of kidney 
removed at the first operation with the second kidney, hypertrophy 
more or less obvious to the naked eye was seen in all the above 
cases. That is to say, in the few cases where by the weight method 
hypertrophy was apparently absent, it was really present as judged by 
direct inspection. In other words, the calculated kidney weight was 
probably too high. 

Having thus shown that hypertrophy of the opposite “kidney 
undoubtedly occurs after removal of a portion of one kidney, the 
question next arises as to what determines the amount of this so-called 
compensatory hypertrophy. Does it depend on the amount of kidney 
removed at the first operation, or does it depend on the length of 
interval elapsing between the first and second operations, or is it to 


be attributed to some third or more factors ? 


(a) Influence of amount of kidney removed at first operation. 

At first sight it would seem as if the amount of kidney removed at 
the first operation did determine entirely and accurately the amount of 
hypertrophy in the opposite kidney, for the average amount of kidney 
removed in the four cases where the hypertrophy was considerable 
was 82 grms. whereas in the other cases where the hypertrophy was 
moderate or slight the average amounts removed were 6°9 grms. and 
73 grms. respectively. That such is not the case, however, is seen 
when we compare the amount of kidney removed to the body weight. 

We find that in the four considerable cases an average of 1°17 grms. 
of kidney was removed per kilo; in the moderate cases the average is 
13 grms. and in the slight cases the average is 1:11 per kilo. It is 
clear, therefore, that the actual amount of hypertrophy of the opposite 
kidney is not entirely dependent on the quantity of kidney removed at 
the first operation. 

In Nos. 16 and 19 the body weight was approximately the same, 
the kidney weights removed were also approximately equal, and in both 
- cases practically one-seventh of the total kidney weight was removed, 
yet, as seen by the Table, the hypertrophy in No. 19 was far more 
considerable than in No. 16. 

As insisted on above, if the calculated kidney waele is too high the 
conclusions as to atrophy would be erroneous, but still the case would 
show that experimental mutilations of one kidney, apparently equal in 
amount, do not lead to an equal amount of hypertrophy of the opposite 
kidney. I think a perusal of the Table must lead to the conclusion 
that there is some other important factor which determines the amount 


¢ 
a 
aa 


i 

| 

| 

| 

| 

| 

| 

| | 
| 


of the hypertrophy of the opposite kidney besides the actual quantity 
of kidney substance removed at the first operation. 

(b) Does the hypertrophy of the opposite kidney depend entirely 
on the interval between the first and second operations ? 

Of course a certain time is necessary for hypertrophy to occur, but 
this time is short, and the hypertrophy is not the greater with the 
lapse of the longer interval between the first and second operations. 
The average interval of time between the removal of the wedge and 
the subsequent extirpation of the second mroney was as follows (the 
details are given in the Table): 

In the first four cases, Nos. 2, 6, 19, and 24, where the hypertrophy 
was considerable, the average length of interval was 23 days, the 
extremes being 14 and 31 days. In the cases, Nos. 7, 9, 23, 28, 38, 
and 48—where the hypertrophy was moderate—the average length of 
interval was 38 days, the extremes being 21 and 54 days. In the cases 
where the hypertrophy was slight, Nos. 4, 11, 12, 16, 21 and 82, the 
average length of the interval was 29 days, the extremes being 15 and 
38 days. These facts show that a considerable amount of hypertrophy 
may occur in a short time, i.e. approximately three weeks, and that 
the lapse of a far longer interval, 1.e. 8 weeks (No. 7), will not alone 
cause the hypertrophy to be greater. That time is not the principal 
determining factor is shown again by the comparison of Nos. 22 and 32. 
Here the amount of kidney removed and the body weight were the 
same, and the interval allowed to elapse between the first and second 
operations was practically the same, 37 and 38 days respectively, yet in 
the one case more obvious hypertrophy occurred than in the other. I 
think we must conclude that the time elapsing between the first and 
second operation is a factor of secondary importance in determining the 
amount of hypertrophy of the opposite kidney, and that hypertrophy, 


if considerable, occurs within a short time, «e. three weeks of the 


operation. 

Having shown i in the above sections that neither the actual amount 
of kidney removed, nor the length of life after the operation would 
entirely account for the variations in hypertrophy seen, there yet 
remain the changes ensuing in the operated kidney after the excision 
of a wedge. Are the variations in hypertrophy of the opposite kidney 
related in any way to the concomitant changes in the mutilated 
kidney ? 

(2) The effect of the. removal of a portion of one kidney on the 
remainder of that kidney. This question was also investigated by the 
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two methods mentioned above; first, by comparing the weight of 
kidney actually found post mortem with the weight calculated by 
. deducting the weight of kidney removed from the assumed kidney 
weight ; and secondly, by direct inspection and the comparison of the 
size, etc., of the wedge removed with the fragment found post mortem. 

The Table gives the results of the weight determination and here 
we see that observations on this point were made in 26 out of the total 
29 dogs. In 15 cases atrophy of the mutilated kidney occurred, slight 
in four cases, Nos. 9, 14, 16 and 24, considerable in 11 cases, Nos. 7, 12, 
17, 22, 33,.34, 35, 44, 46, 48 and 49. Hypertrophy was detected in 
seven cases, moderate in amount in three cases, Nos. 2, 11 and 21, 
slight in four, Nos. 4, 6,32 and 38. In four cases no material change 
was seen, 2.¢. Nos. 19, 23, 28 and 37. In these four cases the calculated 
weight and the observed weight tallied closely. 

First of all, as insisted on above, it must be understood that the 
atrophy is not due to any widespread cirrhosis of the kidney; no 
general cirrhosis has been observed, even where the atrophy was most 
marked. The only fibrous tissue present is in the close vicinity of the 
scar. A small amount of apparent atrophy would be produced by the 
necrotic softening of the considerable quantity of renal tissue, neces- 
sarily included between the sutures used to approximate the cut 
surfaces, after the excision of the wedge. This, however, will not 
account for the cases where very considerable atrophy was observed, 
amongst others, Nos. 17, 35 and 46, where, as seen by the Table, very 
great atrophy ensued, and where it can be seen by direct inspection of 
the mutilated kidney that the cortex and medulla, especially the 
former, are decidedly narrower in width than the similar parts in the 
wedge excised. In other words, the wedge previously removed is now 
obviously too big to fit into its former position. Although the local 
necrosis caused, doubtless, by the sutures interfering with the vascular 
supply, will account in part for the difference between the estimated 
and observed weights of the kidney fragment, there is over and above 
this a general diminution in the organ in a large proportion of wens 
1.6. 15 out of 26. 

What is the cause of this atrophy ? In the first place, it is actually 
dependent upon the first operation, and in no way connected with the 
removal of the second kidney. This is seen by the consideration of 
those cases where the animal died as an immediate result of the second 
operation; also in the case of No. 17, previously quoted, where the 
animal died 36 days after the first operation from some unknown 
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cause, and where—as stated in the Table—very considerable atrophy 
was found. 

In four cases, Nos. 7, 16, 24 and 33, the animals died or were killed 
as a direct and immediate result of the second operation. In No, 33, — 
8 grms. of kidney substance were removed from the ends of the right 
kidney, and 44 days later the left kidney was exposed and found to be 
considerably hypertrophied. A wedge 7°8 grms. was removed from the 
middle of this second kidney, but the wound became septic and the 


- animal was killed eight days after the second operation. The right 


kidney weighed 12°5 grms, and the left kidney 24°5 grms. 
A glance at the Table will show that very considerable atrophy of 


_ the right kidney had occurred, confirmed by comparison of the wedge 
and kidney. In the other three cases, Nos. 7, 16 and 24, the animals 


were killed accidentally by the chloroform administered to perform the 
second operation. In No. 7 killed 54 days after the first operation, 
very great atrophy of the fragment was found. In Nos. 16 and 24° 
moderate atrophy of the fragment was found. It is clear from these 
observations that the atrophy is dependent solely upon the excision of 
a portion of kidney’. 

This atrophy is not dependent entirely upon the amount of kidney 
removed at the first operation. Thus, in Nos. 22 and 32 small and 


equal quantities of kidney were removed and yet the fragments found 


post mortem differed greatly, in one case weighing 10 grms. and in the 
other 17°5 grms. The dogs were of equal weight, and the time interval 
between the first and second operations was also the same, No. 32, 
however, was considerably younger. Conversely, large quantities of 
kidney may be removed und the atrophy be by no means conspicuous, 


eg. No. 4, In this case a very large wedge was removed, and the 


result shows two interesting points. In the first place, there was no 
atrophy of the fragment, the observed weight tallying with the calcu- 
lated weight, and in the second place there was also practically no 
hypertrophy of the opposite kidney as a sequel to the first operation, 
the weight of the second kidney corresponding closely with the calcu- 
lated weight. 

If 34 and 35 are compared it is again seen that the mere weight of 
the wedge is not the sole factor in determining the amount of atrophy. 
The quantity of kidney removed was the same, and the ratio of kidney 
weight to body weight nearly the same in the two cases, as seen by 


t Atrophy is sometimes more marked at one end of the kidney. 
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inspection of the Table, yet the atrophy in No. 35 was far greater than 
that in No. 34. 

I am not prepared to explain the cause of the atrophy, but it is not 
dependent upon damage to the renal plexus, because in a series of 
experiments some years ago on the effects of division of the renal 
plexus, no such atrophy was seen. Of course it may be urged that all 
the nerve fibres were not divided, but the damage to the plexus in the 
hilum was more severe than in these excision experiments, since in the 
last the greatest care was used to compress the hilum as slightly as 
possible. 

In the second place, atrophy does not follow the mere incision of 
the kidney, as the following experiment shows :— 

The left kidney was exposed in a dog weighing 5:28 kilos, and an 
incision made from its ventral to its dorsal surface, and carried from its 
outer border sufficiently deep to open freely the renal pelvis. The 
hemorrhage was arrested and the kidney sutured in the usual way 
with horsehair and silk. Twenty-eight days later the dog was killed. 
The left kidney weighed 18°5 grms. and the right kidney 19 grms. 
The left kidney was quite normal in shape, there was no atrophy and 
the scar was barely visible, but the surface of the kidney was slightly 
depressed at the seat of the scar. The atrophy is in some way 
dependent upon the excision of a portion of the kidney, but not appa- 
rently in any definite part, as the following consideration shows. It 
might be thought that in excising a wedge from the middle of the 
organ some important ganglionic structures would be removed, tending 
to cause atrophy of nerve origin, especially as the wedge was always of 
such a size that the pelvis was laid open. This, however, is not the 
case—vide No, 33—here the atrophy was very considerable, as seen by — 
the Table, and here the 8 grms. of kidney substance were removed by 
excision of portions of the upper and lower extremities of the organ, 
the middle being left untouched and the pelvis not opened. 

I am inclined to think that the amount of atrophy is largely 
dependent upon the shape, not upon the weight, of the fragment 
removed. If the kidney is of such a shape that after the excision 
of the wedge there is a difficulty in the accurate approximation of the . 
parts, this, together with the size of the fragment, is an important 
factor in determining the amount of the atrophy. This is only an 
impression, but it is at least certain that mere size of the fragment is 
not the sole determining cause. It is possible that in the approxima- 
tion of the cut surfaces the rotation of the parts abuut the hilum may 
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interfere with the supply of blood through the renal artery, and in this 
way produce the atrophy, which would account for the statement made 
above, that I believe the atrophy is most marked where the difficulty 
in approximation is greatest. In connection with this it is to be noted 
that the atrophy is occasionally more marked at one extremity of the 
kidney. 

Seeing the rapidity with which hypertrophy of the opposite kidney 
is produced when one or a portion of one kidney is excised, it is very 
remarkable that hypertrophy of the mutilated kidney is so rarely 
observed. Out of 29 experiments, hypertrophy was only present in 
seven cases, and in four of these—Nos. 4, 6, 32 and 38—as seen by 
inspection of the Table, it was very slight in amount. In Nos. 4 and 6 
the difference between. the estimated and observed weight was at most 
one gram., and it is probable that no hypertrophy was really present. 


In Nos, 82 and 38 there was a difference of 2 grms. between the esti- 


mated and observed weight, and here also if any real hypertrophy was — 
present, it must have been very slight in amount. In three cases— 
Nos. 2, 11 and 21—hypertrophy was more marked and could be 
detected by the naked eye in 11 and 21. In Nos. 2 and 21 it was 
considerable in amount, the difference between the estimated and 
observed weight of the fragment being one-eighth of its calculated 
weight in both cases. In No. 11 the difference was one-sixth of the 
estimated weight of the fragment. We see, therefore, that in only 
three cases out of 29 experiments there was unequivocal hypertrophy 
of the fragment left, after excision of a portion of one kidney. 

This is in great contrast to the effect of the operation on the oppo- 
site kidney, since more or less considerable hypertrophy was observed 
in 17 cases out of a total of 20 observations on this point. 

Hence, the usual result of the excision of a wedge of one kidney is 
a variable amount of atrophy of that kidney, accompanied by a variable 
amount of hypertrophy of the opposite kidney. 

Another question that presents itself is—does the variation in the 


amount of hypertrophy in the opposite kidney depend upon the amount 


of atrophy in the operated kidney? Also, the further question as to 


. whether the compensation brought about by the hypertrophy of the 


opposite kidney is an exact compensation; in other words, is it an 
exact equivalent of the amount of kidney removed at the first opera- 
tion plus the amount of kidney substance lost by the atrophy of the 


fragment ? 
We have seen above that the amount of the hypertrophy of the 
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opposite kidney does not vary directly with the actual weight of kidney 
substance removed at the first operation. We have also seen that 
the amount of atrophy of the operated kidney is also not entirely 
dependent upon the actual amount of kidney substance removed. 
Hence, there remains the question—is the hypertrophy dependent 
upon the atrophy ? 

It is clear that if there were no atrophy or hypertrophy the weight 
of the wedge and the weight of the fragment found post mortem would 
approximately * equal the weight of the opposite kidney ; if hypertrophy 
and atrophy occur it is equally clear that the weight of the opposite 
kidney will be greater. If hypertrophy occurred in all the renal tissue 
left after the first operation and were proportionate to the amount 
of kidney tissue, the weight of the sound entire kidney would be 
slightly greater than the sum of the weights of the fragment and the 
wedge. 

If, however, the hypertrophy be merely on the opposite side of the 
lesion, and a@ fortiori, if atrophy occur in the side of the lesion, the 
discrepancy between the weight of the opposite kidney and the sum of 
the weights of the fragment and of the wedge will be great. 

Out of the 29 complete experiments there are 26 in which a com- 
parison can be made between the weight of the opposite kidney and 
the sum of the weights of the wedge removed and the fragment found 
post mortem. In nine of these, Nos. 1, 2, 3, 4, 11, 21, 32, 34 and 38, 
as can be seen from inspection of the Table, the weights of the wedge 
and fragment coincide closely with the weight of the opposite kidney ; 
thus in these nine cases either very little atrophy of the fragment, with 
consequent hypertrophy of the opposite kidney, had occurred, or else 
hypertrophy had taken place proportionately in all the renal tissue left 

after the first operation. 
If we now turn to the Table and investigate the question of atrophy, 
by comparing the actual weight of the fragment found with the calcu- 
lated kidney weight expected post mortem, we see that in Nos. 2, 4, 
11, 21, 23 and 28—viz., in six cases—the weight of the post mortem 
fragment was greater than the calculated weight expected. 

In Nos. 1 and 3 these data are not available, owing to the weight of 
the dog not having been observed or having been lost. 

In No. 34 atrophy of the fragment was observed, as seen from the 3 
Table, but here a complication is introduced, owing to the fact that a 


1 Difference of weight of the two kidneys normally is slight. 
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wedge was removed from both kidneys, and so probably both kidneys 
atrophied. It is doubtless for this reason that the weight of the oppo- 


site kidney tallies closely with the sum of the weights of the wedge and — 


fragment. 

_ By direct inspection of the wedge removed and the fragment found, 
we observe that in Nos. 3, 4, 11, 21 and 38 no atrophy of the fragment © 
was detected. In Nos. 1 and 2 no observations on this point were 
made, and in No. 32 the ends had been removed and the fragment 
shows atrophy of these with hypertrophy of remaining middle zone. 

We see, therefore, that the conclusions drawn from three different 
methods of investigation all tally, and that they agree in showing 
that there was no atrophy of the fragment in eight of these nine cases, 
though in some cases a variable amount of hypertrophy may have 
been present. 

What was the state of the opposite kidney in these nine cases? 
By comparing the observed weight with the calculated weight of the 
second kidney, we see by the Table that in Nos. 1 and 3 no data are 
available ; in Nos. 2 and 38 the hypertrophy of the opposite kidney 
was marked, and in Nos, 4, 11, 21, 32 and 34 hypertrophy was slight 
or absent. The hypertrophy was considerable in No. 2 only; here it 
was present both in the opposite kidney and in the fragment, but we 
must remember that perhaps the calculated weight was too low because 
the control inspection method could not be used in this case. This 
animal is the only exception, otherwise it might be said that in all 
these nine cases, conspicuous atrophy of the fragment was absent, and 
conspicuous hypertrophy of the opposite kidney was also absent, as 
shown by the three methods described above. 

In the other seventeen cases out of the total 26, the weight of the 
opposite sound kidney was greater than the sum of the weights of the 
wedge and the fragment found post mortem. In 11 cases, Nos. 5,7, — 
12, 14, 17, 22, 24, 28, 35, 37 and 48, atrophy of the fragment was 
obvious to the naked eye. In the remaining six cases, Nos. 6, 9, 16, 
19, 23 and 33, atrophy was slight or absent. There was no case in 
which hypertrophy of the fragment was obvious to the naked eye. An 
inspection of the Table shows that in none of these 17 cases, except 
No. 6, was the weight of the fragment found post mortem greater 
than the estimated weight; and in two cases, Nos. 19 and 23, the two 
practically coincided. In No. 28 the inspection method showed obvious 
atrophy, whereas such atrophy is not apparent in the Table. This 
arises from the fact that a large portion of the kidney removed was put 
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back in the peritoneum, and the actual weight removed is not known, 
the portion giving only an index for determining atrophy or hyper- 
trophy. In all the other cases the Table shows atrophy. 

What was the condition of the second kidney in these cases ? 

Of the 11 cases where atrophy of the fragment was obvious there was 
no observation in No. 5; in Nos. 7, 24, 28 and 48 obvious hypertrophy 
of the se¢ond kidney was present; in Nos, 12, 14, 17, 22, 35 and 37 
such hypertrophy was slight or absent. Of the six cases where atrophy 
of the fragment was slight or absent, in Nos. 6, 9, 19, 23 and 33 
hypertrophy of the opposite kidney was obvious, and in No. 16 this 
hypertrophy was slight. 

I think we must conclude that the amount of the hypertrophy of 
the opposite kidney is not dependent upon the amount of atrophy in 
the fragment. 

The remaining nesses to discuss under this section is whether 
there is a reproduction of kidney tissue at all comparable to the quan- 
tity removed at the first operation, or to this quantity plus the amount 
of tissue lost by atrophy of the fragment. 

To determine this point I have added together the weights of the 
piece removed at the first operation, the second kidney removed at the 
second operation, and the fragment found post mortem, and I have — 
compared this total weight with the calculated kidney weight estimated 
at 6°7 grms. per kilo of body weight. For this comparison 29 animals 
are available. In six cases, Nos. 2, 6, 19, 21, 24 and 38 the actual 
total kidney weight was from 6 to 18 grms. greater than the calculated 
kidney weight. It is interesting to observe that in none of these cases, 
except No, 24, was there any obvious atrophy of the fragment to be 
detected by direct comparison of the wedge and fragment. In No. 24 
the hypertrophy of the opposite kidney was perhaps not so great as it 
appears to be. In eight cases, Nos. 4, 9, 11, 23, 28, 32, 37 and 48, the 
observed weight was only slightly greater than the calculated weight. 
In nine cases, Nos. 7, 12, 14, 16, 17, 22, 33, 34 and 35, the observed 
total weight was slightly less than the calculated weight, and in all of 
these the atrophy of the fragment was considerable. In Nos. 34 and 
35 it must be remembered that a wedge was removed from both 
kidneys, and this may account for the absence of hypertrophy. I think 
it is evident from the above that we must in part agree with Tuffier’s 
conclusion that the total kidney weight can be removed, and yet kidney 
tissue be found post mortem, but I would qualify the statement by 
saying that it is by no means always observed, and as seen above, it 
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was only present to a notable extent in six cases out of 23 observations, 
and it was certainly absent in nine cases out of the 23 experiments. 

It has been shown that partial nephrectomy is followed by atrophy 
of the kidney operated, and hypertrophy of its fellow, yet one cannot 
prove either that the atrophy or the hypertrophy is dependent upon 
the actual amount of kidney removed, nor that the amount of the 
hypertrophy is entirely dependent upon the amount of the atrophy. 
There yet remains the question whether the age of the animal has any 
determining influence on these points. To test this, two observations 
were made on puppies. In the first experiment 2°6 grms. of the left 
kidney were removed from a puppy about two months old, and weighing 
22 kilos. The animal was killed four months later, weighing then 
6°6 kilos. The right kidney weighed 34 grms., the left 15 grms. The 
left kidney had, however, grown very considerably, although it was 
notably smaller than the right one, and had the appearance of being 
the kidney of a smaller animal. Although the excision had not pre- 
vented the growth of the kidney, it had led to notable hypertrophy 
of the opposite kidney. | 

The second puppy was nine weeks old and weighed about 1:2 kilos. 
From this animal 2°5 grms. of the left kidney were removed, it was 
killed four months later, weighing 3°52 kilos. The right kidney 
weighed 17 grms., the left 7°5 grms. Here also the operated kidney 
had grown considerably. In both cases the kidneys operated on were 
very small at the time of the excision of this wedge, the comparison 
of which with the kidney found post mortem showed the very large 
amount of growth that had occurred. At the same time the operated 
kidney remained decidedly smaller than its fellow. In both cases a 
large fraction, from one-quarter to one-third of the kidney, was removed 
at the operation. Hence we see conclusively that in young animals 
partial nephrectomy, even if a large wedge relatively to the size of the 
kidney is removed, is not followed by the atrophy, which is frequently 
so conspicuous a feature in adult dogs. I can only suggest that the 
age of the animal is a possible cause for some of the variations in adult 
animals observed and described in this series of experiments’. 


i I have recently (1898) made some observations showing that age has a very decided 
influence on the amount of hypertrophy seen after removal of one kidney. In old dogs 
removal of one kidney is not followed by any appreciable hypertrophy of the remaining 
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V. EFFECTS FOLLOWING THE SUBSEQUENT REMOVAL OF THE 
_ SECOND KIDNEY. 


The immediate results following the removal of the kidney are 
slight. There is but little shock or collapse, the operation being 
rapidly performed, the hemorrhage is very slight, often practically 
ml, and the animal runs about freely within an hour or two of the 
operation. Within the first few days, however, often within the first 
24 hours, the composition of the urine is profoundly altered and a 
grave disturbance of nutrition may set in, followed in a considerable 
proportion of cases by death, after an interval of varying length. 

Out of the total 23 dogs in cases Nos. 2, 11, 19, 21, 32, 34, 37, and 
38 the operation was not followed by death, and these dogs were killed 
when in moderately good health, after a lapse of varying periods. It is 
a little doubtful whether No. 37 would have survived for any lengthened 
period, this animal was killed very shortly after the removal of the 
second kidney. No.1 was also killed after a very short interval, but 
here the quantity of kidney found post mortem was so large that the 
animal would probably have lived for quite a long time. In the other 
fourteen cases the operation was followed either by death, or else the 
animal was killed because it was obviously dying; the longest duration — 
of life amongst the fatal cases being 50 days, No. 6 lived for this length 
of time. 

Inspection of the Table on p. 446 will show that in the non-fatal cases 
the amount of kidney found post mortem was relatively larger than in 
the fatal cases, generally it was also absolutely larger. In all cases 
the comparison was made by observing the ratio between the weight 
of kidney substance found post mortem and the initial body weight. 

The same difficulty presents itself here as in Section IV. as regards 
estimating correctly either the quantity of kidney removed or the 
quantity found post mortem. In the Table it is expressed in grms. of 
kidney per kilo of body weight. The relative amount of kidney found 
post mortem is calculated with reference to the initial body weight, 
since this second operation—especially in the fatal cases—causes great 
wasting. Hence it is clear that it would be most misleading to 
compare the kidney weight with the final body weight. The normal 
ratio is 6°7 grms. of kidney per kilo of body weight. | 

To consider the non-fatal cases first. Data are available in eight 
cases for determining the amount of kidney substance left after the 
operations. 
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In three cases 2°8 grms. per kilo were found post mortem, in two 
cases more than 2°5 grms, per kilo, in one case 2°38-grms. pér kilo, in 
one case 2°] grms. per kilo. Therefore in seven cases over two grms. 
per kilo of kidney substance were found. In one case, No. 37, the 
proportion sank to 1°8 grms. per kilo, but as mentioned above, it is very 


doubtful whether this dog ought to be included in the non-fatal cases. — 


The average in these eight cases amounts to 2°46 grms., or—excluding 


No. 37—2°54 grms. of kidney substance per kilo of body weight, the 


extremes being 2°8 and 2°1, but there is only one case of the latter. 


of dog removed in of life wt. 
: kilos removed grms, per kilo Wt. of per kilo after Cause at 
Before and =——tiéeé: of of of in death in 
dog Initial 2ndop. 2ndop. F.W. LW. F.W. days kilos 
Operation not fatal : 

2 10 52 5°2 28°55 8 47 = killed 9°25 
32 «6616 «67°48 378. 9 6°6 
11 63 5°72 33°5 5 5°8 18 ee 3°6 40 ” 5°28 

7 

88 5°72 572 29 5 5 15 5°5 
19 866 5°72 68 14 23 23 £15 5°94 

Operation doubtfully fatal : 
387 «66:28 51 8 9 4°73 
Operation fatal : 
6 48 31°8 6°6 10°5 2°1 3 50 killedon 3°52 
account of 
asthenia 
48 418 69 #68 # #£«10 2 32 25 9 3°08 
circa, 

4 859 5:1 136 619 86386 7 3°74 

22 «#616 528 388 #«210 16 28 26 ” 3°5 

circa 
12 792 45 48 12 ” 5°28 
44 968 968  Ureter ” 6°6 

ligatured 

35 7260 40 44 55 81 6 99 5:94 
48 56 5 4°2 84 1 5 3°96 
46 715 616  Ureter 47 65 


* LW. =Initial Body Weight, F.W.=Final Body Weight. Nos. 1, 3, 5 omitted, data 
imperfect, and arrangement in the table is that of the amount of kidney found p.m. per 
kilo of body weight. 


If we now consider the fatal cases, we shall see that the amount 
of kidney found post mortem is decidedly smaller, owing either to a 
greater quantity having been removed at the two operations, or else 
to more atrophy having ensued. In 12 cases the data exist for deter- 


+ 
3 
‘ 
4 
q 
* 
2 
4 
t 
5 
‘6 
we 


THE KIDNEY AND METABOLISM. 447 


mining the amount of kidney post mortem with reference to the body 
weight. In one case, No. 6, 2°1 grms. per kilo, and in another, No. 28, 
2 grms. per kilo were found. In No. 4 and No. 9, 1°9 grms. per kilo, 
and in No. 22, 1°6 grms. per kilo were found. In the remaining seven 
cases the amounts were much smaller; in two cases 1*4 grms., in one 
case 1°3 grms., in one case 1‘2 grms., in one case ‘9 grm., in one case 
‘84 grm. and in one case °65 grm. per kilo. We note that in only one 
case included in the fatal series was the amount greater than 2 grms. 
per kilo, and then only 2°1 grms., whereas in ten cases it was below 
2 grms. per kilo, and in eight of these either 1°6 grms. per kilo or even 
less than this. The average for the whole twelve cases was 1°43 grms, 
of kidney per kilo of initial body weight, the extremes being 2°1 grms. 
and 65 grm. It is clear that in the fatal cases the amount of kidney 
found post mortem was decidedly less than in the non-fatal cases; that 
is to say, that for every 1:7 grms. of kidney per kilo in the non-fatal 
cases there was but 1 grm. per kilo in the fatal cases. 


Quantity of kidney necessary for the maintenance of life’. 


This can be deduced from a study of the non-fatal cases. In all 
these cases except No. 37 the animals were in fair health at the time 
of being killed. In none of these cases was there any very considerable 
loss of weight, the maximum being in Nos. 32 and 34; in the latter the 
loss amounted to one-eighth of the initial body weight, and in the 
former it was between one-ninth and one-eighth. No, 32 was killed 
119 days after the second operation and 157 days after the first operation, 
38 days being allowed to intervene between the first partial neph- 
rectomy and the subsequent removal of the second kidney. No. 34 
was killed 63 days after the removal of the second kidney; the first 
operation was performed 114 days before the second, so that this animal 
lived 177 days after the first excision and 63 days with only a portion 
of one kidney. In neither No. 32 nor 34 was there anything at the 
time they were killed to suggest that they might not live for a much 
longer period, in fact they were killed in good health. In No. 32, 
2'8 grms. of kidney per kilo were found post mortem and in No. 34 
21 grms. per kilo. In the fatal cases, No. 6 lived for the longest time, 
4.¢., 50 days after the second and 75 days after the first operation. 
This animal was killed because it would clearly not have lived more 


1 Clinical observation has shown that life may be maintained for quite long periods 
with a very small amount of kidney tissue, as in cases of renal atrophy, hydronephrosis 
and cystic kidneys. | 
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than a day or two longer, being very weak at the time. The loss of 


weight here amounted to between one-quarter and one-third of the 


initial body weight, and the amount of kidney found post mortem was 


2'1 grms. per kilo. This case is selected because it is on the borderland 
between the non-fatal and the fatal cases. All the other fatal cases 
died or had to be killed after a much shorter interval, as can be seen by 
the Table. The emaciation in them was greater and the amount of 


kidney found post mortem was less. There may seem some contra- 


diction in the results in the dogs, Nos. 6, 23, and 34, where relatively 
equal portions of kidney were found post mortem, yet the two former 
were fatal, and No. 34 lived for two months and was killed in fair 
health. The most probable explanation is that in No. 34 three opera- — 
tions were performed instead of two and thus the amount of kidney 
substance was — more gradually and progressively than in the 
other cases. 

I think it is quite aid from the consideration of these and all the 
other experiments quoted in the Table that when the amount of kidney 
substance is reduced to approximately 2 grms. per kilo we reach the 
dangerous limit, and that if it falls below 2 grms. per kilo death super- 
venes at varying periods, the longest observed by me being 26 days; 
see Nos. 22 and 23. 

On the other hand, if the amount left is above 2 grms. per kilo, life 
may be maintained for long periods, ¢.g. No. 32, 119 days. Hence, 
recognizing 6°7 grms. per kilo as the approximate normal kidney weight, 
about two-thirds of the total kidney weight may be removed without 
causing death; if however a greater fraction than this be removed 
death supervenes. Another comparison may be made between the 
amount of kidney removed and the amount found post mortem in the 
non-fatal cases, 


Amount of kidney T kidney weight out 
in in grms. 
No, of dog Removed Found Calculated Observed fragment 
2 52 28°5 62 80 present 
ll 33°5 18 47 51 present 
40 46 none observed 
38 45 t 
32 27 17°5 44 
34 81°8 14°5 54 46 absent — 
38 29 15 38 44 some atrophy present 


It is interesting to note that of these non-fatal cases many were 
cases in which hypertrophy—both of the fragment and of the opposite 
kidney—were well marked (see page 433). Hence it may be that 
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these dogs, with the exception of No. 34, were able to prolong life by 
producing the necessary amount of kidney substance. 


off of death after removal of from three-quarters 
to four-fifths of the total kidney weight. 


_ Out of the fourteen dogs in this series five died, t.¢., Nos. 3, 4, 5, 9 
and 46, the other nine were killed with chloroform when they were 
moribund, in some cases they might perhaps have lived two or three 
days longer, so that exact duration of life for these cannot be stated. 
The average duration of life was from two to three weeks, but as seen 
above, No. 6 lived 50 days, but here 21 grms. of kidney were found 
post mortem. The shortest duration of life was observed in Nos. 4, 35, 
46 and 48. In the last three of these very little was found post 
mortem. In No. 4 a considerable quantity of kidney was found, but 
the post mortem note mentions a small quantity of pus in the abdo- 
minal wall and in the subperitoneal tissue. The early death of the 
animal is probably partly due to this condition. Nos. 35 and 48 were 
killed at a time when they might have survived a few days longer. It 
is difficult to say whether the duration of life is exactly proportionate 
to the amount of kidney left, but there can be no question that the 
long duration of life in No. 6 was dependent upon the relatively 
considerable quantity of kidney found post mortem, and that the short 
duration in Nos. 35 and 46 was dependent upon the small amount 
found post mortem. At the same time the relationship is not exact, as 
is seen in Nos. 9 and 22, the former living 18 days with 1°9 grms. of 
kidney per kilo, and the latter living 26 days with 1°6 grms. per kilo. 

The prominent symptoms preceding death are thirst, great emacia- 
tion, weakness and a fall of temperature. The temperature frequently 
falls 5 or 6 degrees Fahrenheit, sometimes even from 102° to 95°. 

The emaciation is very great, as is seen by inspection of the 
Table. The loss varied from one-fifth to two-fifths of the body weight 
loss was observed in No. 14, two-thirds of the body weight being lost 
in 19 days. The loss in No. 4 was also very considerable. In Nos. 28, 
35 and 48 the loss amounted to but one-fifth of the body weight, but 
in 35 and 48 the loss was really very great, and quite comparable in 
amount to that in No. 14; Nos, 35 and 48 having been killed only 
some six and five days respectively after the second operation. This 
loss of one-fifth of the body weight occurred therefore in this short 
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time. In No. 35 there was a daily loss of 220 grms., and doubtless if 
the animal had not been killed so soon the final weight would have 
shown the loss to be quite as great as in No. 4. This emaciation is 
accompanied by a rapidly progressive weakness, so that very soon the 
animal is so weak as to be unable’ to stand, and staggers in any such 
attempt. This weakness is, perhaps, most noticeable in the hind legs. 
The appetite, as seen in detail below, fails to a varying degree, but 
even should the animal eat considerable quantities of food, the rapid 


-emaciation still occurs, though it is of course more accelerated by 


refusal of food after the second operation. Vomiting has rarely been 
noticed, diarrhcea is more frequent, and the motions have often been 
very offensive and occasionally tarry, but no large quantity of blood has 
been lost from the bowel or other mucous membranes. Hemorrhage 


_ from the gums has been seen, more especially in No. 35, where it was 


marked. Ulcerated sores on the lip and mucous membrane of the 
cheek are common, and circular superficial ulcers have been observed 
on the legs just above the ankle. These ulcers are symmetrical’ and 
like those seen in the mouth probably arise from injury; in one case 
the teeth and in the other case contusions must be held accountable 
for this damage. It is important to note that they do not heal readily, 
but discharge and become offensive. Doubtless, in the normal dog 
these same causes of injury are at work, but no ulceration and loss of 
substance occurs, such as seen in these dogs after extensive ablation of 
the kidney substance. | 

No convulsions have been observed at any period, nor have any 
cramp-like contractions and twitchings of the voluntary muscles been 
seen. The actual cause of death is a little uncertain. The animals 
become progressively weaker, and die apparently from failure of respi- 
ration, but there is certainly no prolonged period of coma before death, 
although there may be drowsiness. The observations on this point are 
unsatisfactory, owing to death having occurred so frequently at a time 
during the night when no observer was present. The most striking 
phenomena, however, are the emaciation and the muscular weakness. 

Post Mortem Appearances. Rigor mortis is well marked and the 
blood coagulates firmly in the usual manner. Great emaciation is 
present, but frequently there is some subcutaneous and omental fat 
remaining. The abdominal viscera are usually sticky and greasy, and 
the body generally is éffensive. In many cases there is quite a remark- 


1 The knee jerks were unaffected, and there was no other evidence of trophic changes, 
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able excess in the amount of cerebro-spinal fluid. No hemorrhages, 
petechial or other, have been seen, either in the serous membranes or in 
any of the solid organs, e.g. lungs, brain, etc. No obvious or marked 
cardiac hypertrophy was observed, nor was there any thickening of the 
endocardium or of the valves, nor any signs of —s or degene- 
ration of the arteries. 


Effect of the operation on the urine when two-thirds of the total kidney 
weight had been removed ; 1.e. the non-fatal cases, where the amount 
of kidney present was sufficient for life to be maintained for a con- 


Urine per diem Urea per diem Food per diem 
in c.c. in grms. in grms. 
— 
No. Wt. of After After After After 3 
dog Before Ist 2nd Ist 2nd Before After After 
dog ingrms. op. op. Op. op. op. op. —s_— op. Ist op. 2nd op. 
11 6380 182 256 213 108 6°4 126 Notobs. Notobs. Not obs. 
19 6160 Not 140 286 Not 9 10 se — Biscuit 
21 5720 113 98 194 9°7 8 74 Biscuit Biscuit Biscuit 
170 150 170 
32 = 6160 96 171 212 7 13°5 6 Biscuit Biscuit Biscuit 
150 250 133 
34 8140 75 163 162 54 895 8 Biscuit Biscuit Biscuit 
66 143 
88 5720 80 296 268 5 8°3 6°58 Biscuit Biscuit Biscuit 
166 200 108 


Note. In some cases where different quantities of urea were passed on closely similar 
diets this was due to deficient digestion and absorption as shown by the evacuation of 
copious-and bulky faces. 


We see from this Table that the quantity of urine excreted was 
greatly above the normal in all cases where approximately two-thirds 
of the total kidney weight had been removed. If we except No. 38, it 
was in all cases as great or greater than the quantity passed after the 
first operation. Compared to the urine excretion with normal intact 
kidneys, the daily output is seen to be from two to three times as great 
when the animal has but one-third of its total kidney weight. We 
also see from the Table that the effects of the operation produce more 
constant results on the amount of urine than on the quantity of urea, 
which last is seen to be sometimes increased, sometimes diminished ', 
and when it is compared with the amount passed before the first 
operation it is noted that there is no constant or striking effect. Asa 
matter of fact the variations are mainly dependent upon varieties in 


1 In No. 1 no observations on the urine were made and they were incomplete in Nos. 2 
and 37, and so these cases are not included in the above Table. 
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the diet, and sometimes upon the slight loss in body weight, previously 
described. The increase in the amount of urinary water is the one 


_ striking and constant phenomenon. Not only is the increase of water 
considerable in amount, but it is also very persistent, as is well seen in 


the following experiments. 


No. 11. 
2°8 grms. of kidney per kilo found post mortem. 
After 2nd | operation 
Daily average.  Beforelstop. Istweek  %ndweek Srdweek  4thweek 5th week 
Urine in ¢.c. 132 254 254 281 428 #=«849 
Urea in grms. 10°8 10°4 10°2 : 12°2 18°4 12 
Body wt. in kilos 6°3 5°94 55 5°06 484 #528 
2°8 grms. of kidney per kilo found post mortem. 
After 2nd operation 
Daily average. Before Ist op. Istweek 2ndweek  65days after 108 days after 
Urine in ¢.c. 96 209 212 314 803 
Urea in grms. 7 5°4 6°1 13°4 16°3 
Food in grms. 133 200 200 
| biscuit biscuit biscuit meat meat 
Body wt. in kilos 6°16 66 6°49 6°38 6°6 
No. 34. 
2 grms. of kidney per kilo found p.m. 
| After 3rd operation 
Daily average. Before Ist op. 1st week  18daysafter 82daysafter 44daysafter 54 days after 
Urine in c.c. 75 126 157 162 169 256 
Urea in grms. 3°5 6°5 8 6°3 
Food in grms. 66 70 158 148 160 200 
biscuit biscuit biscuit biscuit biscuit meat 
Body wt.in kilos 7°26 6°16 6°49 6:38 


In these Tables the quantities of urine, urea, and food are daily 
average quantities, determined by taking the average of daily observa- 
tions carried on consecutively for one week. In No. 34 the body weight 
fell from 7°26 to 7°04 kilos as a direct sequel to the first operation, so 
that the second and third operations did not produce quite so great a 
fall in the body weight as at first sight appears. In this animal 
(No. 34) three operations were performed instead of two, a wedge was 
removed from each kidney, and then subsequently the larger kidney 
was removed entire, so that the final condition of the animal after the - 
third operation corresponded to that produced in the other cases by the 
‘second operation. 

The consideration of these three experiments amongst others shows 
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that the hydruria produced by the operation is not only not transitory, 
but that it does not diminish as time goes on. More recent observa- 
tions in 1897 have shown that it may still be present fifteen months 
after operation. 

The daily output of water is not only greatly increased without any 
corresponding increase in the urea excretion, or even with no increase 
at all, but if by giving a more nitrogenous or more copious diet the 
output of urea is increased, then there is a still greater increase in the 
amount of water excreted. This is well seen both in No. 32 and 
No. 34 after intervals of 108 and 54 days respectively after the last 
operation. 

In other words, these animals with but one-third of the initial total 
kidney weight cannot excrete a concentrated urine, or even an urine 
containing a high percentage of urea’. | 

This condition of hydruria is accompanied by considerable thirst, 
there is however no albuminuria, and there is no fall in the body tem- 
perature. Slight emaciation has occurred as mentioned above, in a few 
cases, but it has never been such as to cause any serious or permanent 
deterioration of health. No. 11 suggests that the hydruria may some- 
times be progressive, since in the third and fifth weeks the daily 
quantities of urea excreted were very similar, but the quantity of urine 
was far greater in the fifth than in the third week. 


Effect on the urine in the fatal cases where from three-quarters to 
‘four-fifths of the total kidney weight had been removed. 


ny in cc. grms. 
No. of dog Before 1st op. After 2nd op. Before Ist op. a 
8 Not observed | 381 Not observed 
4 Not observed 230 Not observed Not cberved 
st st 
6 183 845 9°3 
after Ist op after 1st op 
9 123 449 9°1 16°8 
12 157 458 8°6 13°6 
14 189 893 11°6 11°4 
22 86 150 . 5 5°5 
23 115 550 16 21 
28 92 811 9 8 
35 69 484 78 11°6 
44 133 423 8°2 11°8 
46 80 2738 74 7.1 
48 223 178 12°8 3°6 
after 1st op. after Ist op. 


. In this respect these animals resemble cases of Diabetes insipidus and certain forms 
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(A.) The Hifect on the Quantity of Urine, 


The quantity of urine when compared with the normal is always 
greater in amount, and in some cases when thus compared in the same 
animal it shows an enormous increase. In only one case—No, 48—was | 
the quantity diminished, and here the comparison was made with the 
amount passed after the first operation, the normal quantity not having 
been observed in this dog. This increase is usually greater than that 
observed as a sequel to the first operation. This can be seen by in- 
spection of the Table. The quantity of urine in those cases where from 
three-quarters to four-fifths of the total kidney weight had been removed 
is also notably greater than in those where but two-thirds of the total 
kidney weight had been excised. This can be verified by reference 
to the Table. The actual amount of the increase varies considerably. 
Thus it is approximately twice the normal, as in Nos. 14 and 22, but 
more frequently it is even greater than this, as in Nos. 9,12, 28, 44 
and 46, where the increase was slightly more than three times the 
normal. In Nos. 23 and 35 the increase was still greater, both 
relatively and absolutely. When we remember that the animals 
have at the most but one-quarter of their initial total kidney weight 
this increase in urinary water is very remarkable; the physiological 
activity of the fragment left must be very greatly increased. 

In 12 cases observations were made as to the time when the 
increased excretion began. In two cases (Nos. 9 and 12) it was 
noted within 24 hours of the operation, in seven cases it was noted 
within 48 hours, and in the remaining three cases—Nos. 14, 23 
and 44—between the second and third day. In Nos. 3 and 4 no 
observations were made on this point. We see that by the second 
day after the operation the increased excretion of urine is well marked, 
it takes a day or two for the maximum to be reached, but the 
increase is maintained until shortly before death. Thus, in No. 6, 
450 c.c. of urea were excreted on Feb. 17, 1890. The animal was killed 
because dying on Feb. 27, 1890, and post mortem the bladder was found 
distended with urine. No. 9 excreted 710 c.c. of urine on May 9, 1890; 


in the next 24 hours this fell to 200 c.c. and in the next 24 hours only 


23 c.c. were excreted, and when the animal was killed on May 12, 1890, 


-. 60 cc. of urine were found in the bladder. 


We see, therefore, that partial suppression may precede death, and 
for this reason the animals were subsequently always killed while the 
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increased flow was present, in order not to vitiate the analysis of the 
tissues by the accumulation of products normally excreted. 

Although the increased flow of urine diminishes as death ap- 
proaches—as is seen in No, 9—total suppression is not seen. Even 
so great a diminution as in No. 9 is not invariable this is shown 
in No. 46. This animal died rather suddenly 9 days after the second 

operation, which in this case consisted in ligature of the ureter. In 
the last 24 hours of life 220 c.c. of urine were excreted, the average 
for the seven dais being 273 c.c., so here there was very little if any 
suppression, 

The quantity of urinary water is not only greatly but 
there are frequently considerable fluctations in the amounts excreted 
daily. 

tt is of some interest that even in the one case—No, 48—where the 
urine was not increased in amount after the operation, yet the urine 
passed was of the same dilute character as that excreted in the other 
cases where the quantity was notably increased. In the case of No. 48 
no food was eaten after the second operation, and the animal was killed 
very soon, %.¢., on the fifth day after this operation. Further, the large 
quantities of urine and urea passed before the second operation, but 
after the first, were dependent upon the dog receiving a very liberal — 
diet, so that the comparison is not a fair one, but the experiment is 
included in the series, so as not to make any exneptaon in recording all | 
the experiments. 

The specific gravity of the urine, as in the series where two-thirds 
of the total kidney weight had been removed, is greatly lowered. The 
urine remains acid and contains no albumin or sugar. 


(B.) The Effect on the Quantity of Urea. 


On glancing at the Table on page 453 it is seen at once that the 
quantity of urea daily excreted is increased in many cases, Thus in six 
cases—N os, 6, 9, 12, 28, 35 and 44—the quantity of urea is very notably 
increased. In three cases—Nos. 14, 22 and 46—the daily average 
before and after operation was practically the same. In three cases— 
Nos. 5, 28 and 48—the daily quantity was.apparently diminished,— 
considerably in No. 48, very slightly in Nos. 5 and 28. In No. 48 the 
daily quantity was undoubtedly diminished, but as already mentioned, 
the diminution is more apparent than real, since a starvation output 
was compared with the output under unlimited diet. It is obvious 
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that such a comparison is misleading. In No. 5 also the diminution 
is only apparent. Owing to temporary absence from the laboratory 
through illness, the urines were not analysed until two or three days 
after collection. They had then decomposed, but notwithstanding this 
fact, a daily output of 8 grms. was found; therefore I think it clear in 
this case that the excretion of urea had not really diminished. In 
No. 28 there was undoubtedly the slight diminution observed, as will 
be explained later. Thus we see that in six out of the twelve cases 
observed the daily output of urea was notably increased, and in only 
one was it at all considerably diminished, 2. in No. 48, where the 
comparison is an unfair one. In No. 5 the amounts were not greatly — 
different before and after operation. To avoid misconception it may 
be at once said that in the cases where the urea was not increased in 
amount this was dependent upon the failure of appetite. Far less food 
was taken, not infrequently none at all, after the operation, although 
full quantities were eaten previously. Strictly speaking, therefore, this 
series of twelve cases is divisible into two series, one (a) where the 
quantity of urea was both relatively and absolutely increased after 
operation, another (b) where there was no absolute increase but where, 
notwithstanding the loss of appetite, the urea excreted remained at its 
previous height; that is to say, the amount of urea excreted with little 
or no food was approximately the same as that excreted previously with 
a full diet. In this series we have a relative, not an absolute increase in 
the output, the only apparent exception being No. 48. 

This increased output of urea is one of the most striking facts 
observed in this research, and hence must be treated here in some 
detail. It will not be necessary however to quote all the experiments. 


No. 12. 
Dail a After Ist After 2nd 
y average. Before Ist op t op. —, 
7 days’ average 9 days’ average lst week 2nd week 
Urine in ¢.c. 157 333 523 458 
Urea in grms. 8°6 12°6 10 aS 
Body wt. in kilos 8°36 to 7°92 to 7°92 to 66 to 
792 7°04 | 6°6 5°28 
Rectal temp. 101°8 to 103 to ~ 102°4 to 103 to 
101°4 101°2 100°4 98 


Dog put in chamber May 29, 1890. 8 grms, of left kidney removed on — 
June 9, ‘44 kilos of body weight lost from May 29 to June 9. Put in 
collecting chamber, June 9, °88 kilos of body weight tout between June 9 and 
June 14, but regained by June 24. 

The loss of weight and increased secretion of urea immediately after the 
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first operation were partly accounted for by some suppuration of the wound 
in the abdominal wall, and the pyrexia caused thereby. It is or to 
note that the loss of weight was regained. 

June 24, 1890. Weight of dog, 7:92 kilos. Right kidney 30 grms. 
removed. Placed in chamber 5.30 p.m. Killed July 9 because too weak to 
stand. Loss of weight in the 14—15 days 2°64 kilos, ¢.e. one-third of the 
body weight. 

12 grms. of kidney found p.m., 7.¢e. rather more than three-quarters 
removed, Highest rectal temperature during last five days of life 100-2. 

330 c.c. urine with 5 grms. of urea excreted during last 24 hours of life. 

575 c.c. urine with 15 grms. of urea excreted during the — 
24 hours. 

695 cc. urine with 19°3 grms, of urea maximum daily excretion. 


No. 23. 
After 2nd operation 
Daily average. Before Ist op. After Ist op. Ist week 2nd week 8rd week 
Urine in ¢.c. 16 380 459 549 
Urea in grms. 16 16-4 11-2 16 21 
Food in grms. 150 150 meat 128 150 
meat 200 ,, meat meat meat 
Body wt. inkilos 4°84 4°5 418to 396to 3°63 to 
4°4 3°96 3°63 $08 
Temperature 102 to 100 to 100 to 
100 99°8 95°5 


Weight of dog 4°84 kilos. Put in chamber June 4, 1891. June 11, 1891, 
weight 4°5 kilos; 6°5 grms. of left kidney removed. 
July 23, 1891, weight 4:18 kilos. Right kidney 22 grms. removed. 


As a result of the first operation ‘32 kilos of body weight were lost 
in 42 days, and there was a slight increase in the amount of urine, the 
urea excretion being practically unaffected. As a result of the second 
operation 1'1 kilos of body weight were lost in 25 days, ze. one-quarter 
of body weight. The animal was killed because of weakness and 
wasting and 10 grms. of kidney were found post mortem. This case 
is quoted as showing that hydruria and polyuria and wasting are 
produced, notwithstanding the fact of there Bir no great loss of 


No. 35. 
Daily average. Before Ist op. After Ist op. After 3rd op. 
Urine in ¢.c. 69 205 484 
Urea in grms. | 78 11°25 11°6 


Food in grms. 150 biscuit 150 biscuit _Alll food refused 
Body wt. in kilos 902t0858  704t0726 7-26 to 5-94 
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Weight of dog 9°02 kilos, put in chamber Feb. 1, 1892. 
Feb. 12, 1892. 9 grms. of right kidney removed. Weight 8-5 kilos. 
March 7, 1892. Weight 7:04 kilos. Put in chamber and the animal 


gained -22 kilos in body weight. 


March 16, 1892. 5 grms. of left kidney removed. 

June 25, 1892. Body weight 8°36 kilos. ) 

July 30, 1892. Body weight 7:26 kilos, left kidney weighing 26..grms. 
removed and the animal placed in the collecting chamber at 9 a.m. on 
July 31. 

Aug. 5,.1892. Killed on account of great prostration and weakness, body 
weight 5°94 kilos. No food was eaten after the last operation. Kidney 


fragment found post mortem weighed 81 grms. 


This experiment is given in greater detail later on, pages 474, 477, 
but here it is sufficient to note that as the result of the excision of a 
wedge from each kidney the animal lost between 1 and 2 kilos in body 
weight, but this was largely regained by June 25. Further, this animal 
lived for over four months; 1.¢. from March 16 to July 30,—in fair 
health after these two operations. After the removal of the larger 
remaining kidney, however, rapid wasting set’in, and more urea was 
excreted daily with no food than had previously been excreted on a 
daily diet of 150 grms. of dog biscuit, and the dog was practically 
moribund five days after this third operation. 


No. 44. 


After 2nd op. 
Daily average. Before Ist op. After 1st op. Ist week 2nd week 
Urine in c.c. 133 229 423 437 
Urea in grms. 1s 11°8 11°9 
Food in grms. | 164 200 100 67 
biscuit biscuit biscuit biscuit 
Body wt. in kilos 9°68 . 10°56 to - 9°68 to 7°92 to 
9°68 7°92 6°6 


Weight 9°68 kilos. Put in collecting chamber April 18, 1893. 

April 28, 1893. Weight 9°24 kilos. 12 grms, of right kidney removed. 

There was no loss of body weight as a result of the first operation. 

June 13, 1893. Weight 9°68 kilos. Left ureter ligatured. 

June 30, 1893. Weight 6°6 kilos. Killed. 12°5 grms. of kidney found 
post mortem. 


This experiment is quoted as showing hydruria, polyuria, great 
wasting, together with some loss of appetite. 

It will be noticed in all these cases that the daily average quantity 
of urea after the final operation is notably greater than the quantity in 
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the same animal before the first operation. In Nos. 12, 35 and 44, 
however, the final quantities of urea excreted were not notably greater 
than the quantities passed immediately after the first operation. There 
is, however, this fundamental difference in the two sets of circumstances. 
In No. 12, for instance, the increased excretion of urea after the first 
operation was associated with a loss of weight, subsequently regained, 
and dependent upon some pyrexia, caused by superficial suppuration of 
the wound in the abdominal wall. In Nos, 35 and 44 the increased 
urea excretion after the first operation was due to the liberal diet, 
although here also a fall in body weight occurred, the animal having 
put on weight prior to the first operation, but subsequently to it 
returning to the initial body weight. Hence, in these cases the urea 
increase after the first operation was due either to increased diet or to 
transitory loss of body weight. In No. 23 there was no increased © 
excretion of urea as a sequel of the first operation. Here we see 
illustrated the point that immediately after the second operation the 
amount of urea may with diminished ingesta be less than that pre- 
viously excreted, but subsequently the increased excretion sets in and 
continues until the end. We may, perhaps, compare these results with 
No. 48, only in this last case the animal was not kept alive long 
enough to observe the subsequent excessive excretion of urea. The 
experiment No. 23 further illustrates the important point that after 
the second operation a condition of hydruria may precede for a 
short. time the condition of polyuria, but a concentrated urine is 
never excreted. | 

Having demonatrated the fact that in these animals the daily 
output of urea is increased, we will now consider the cases where the 
daily output of urea is not increased, 1.¢., Nos. 5, 14, 22, 28, 46 and 48. 
In No. 5, as mentioned above, page 456, the quantity of urea was, in all 
probability, greatly increased, and in No. 48 it is possible that ite 
period of survival was too short. 


No. 14. 
After 2nd operation 
Daily average. After Ist op. Ist 4 days Next 8 days Last 5 days 

Urine in c.c 187 335 893 360 

Urea in grms. 11°6 13°7 11°4 85 

Food in grms. Amount not Amount not Very little All food 
obs. but not — obs. but not food eaten refused 

restricted restricted 
Body wt. in kilos 5°94 6°16 4°4 3°63 


June 27, 1890. Weight 5°72 kilos. 8 grms. of right kidney removed, 
placed in collecting chamber July 28, 1890. 
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Aug. 8, 1890, Weight 6°16 kilos. Left kidney weighing 19°5 grms. 
removed. 

Aug. 27, 1890. Killed. Weight 3°63 kilos) Remains of right kidney 
weighed grms. 

After the first operation the food consisted of meat and dog biscuit. 
After the second operation the dog refused dog biscuit, and during the first 
ten days small quantities of meat were eaten. No food was eaten after the 
tenth day. 


Three days before death 640c.c. of urine, alates 16°6 grms. of urea 


were excreted in one period of 24 hours. 


No. 22. 

Daily average. Before Ist op. After Ist op. Ist week 11th to 19th day 8 days 
Urine in c.c. 86 156 150 Dae 158 
Urea in grms. 5 q 55 15°25 53 
Food in grms. 233 227 All biscuit 200 All food 

; Biscuit Biscuit refused meat refused 
Body wt. in kilos 6°16 5-28 4-4 8-96 Less than 


Jan. 28, 1891. Weight 6°16 kilos. Put in collecting chamber. 

N.B. In this case the dog biscuits were soaked, and this proheny 
accounts for the small amount of urea excreted. 

Feb. 3, 1891. 5 grms. of left kidney excised. 

March 10, 1891.° Placed in collecting chamber. 
March 14, 1891. Weight 5-28 kilos. Right kidney weighing 18-5 grms. 
removed, and the animal placed in collecting chamber at 1l a.m. No food 
was eaten during the week the dog remained in the chamber. The small 
quantity of urea excreted during this week was not due to any incapacity of 


_ the fragment of kidney to excrete urea.- This is well seen, since as soon as 


meat was substituted for biscuit the animal ate this, and the urea excretion 
went up to an average of 15 grms. per diem. The body weight, however, did 
not increase. On replacing the meat by biscuits the animal refused them, 
and during the three days’ starvation that ensued the urea excretion again 
fell approximately to its former amount. The remains of the left kidney 
found post mortem weighed 10 grms. 


This experiment illustrates the important point that even when the 
quantity of urea excreted is small it is not due to any inability on the 


part of the kidney fragment to excrete, and further—that a liberal meat 


diet will not check the progressive and rapid wasting that ensues after 
the second operation. 
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No. 28. 


After 2nd op. 

Daily average. Before Ist op. After Ist op. — Ist week 2nd week 
Urine in ¢.c. 92 270 $11 
Urea in grms. 9 11°4 5°5 8 
Food in grms. 100 meat — 100 meat 100 meat 40 meat 

100 biscuit 100 biscuit 57 biscuit 20 biscuit 
_ Body wt. in kilos 5°72 4°84 5°06 3°96 
Temperature 102°2 to 99°8 to 97°4 


Nov. 18, 1891. Weight 5- 72 kilos, placed in chamber. | 

Nov, 26, 1891. Weight 5°72 kilos, left kidney exposed and two all 
pieces weighing together 4°5 grms., and one large piece, weighing approxi- 
mately 8 or 9 grms., removed. The large piece * was dropped into the 
peritoneal cavity. 

Dec. 7, 1891: Weight 5°28 kilos. Placed in chamber. 

Dec. 11, 1891. Weight 4-84 kilos. This loss of weight was transitory, 
and was associated with an increased excretion of urea, also transitory. 

Dec. 17, 1891. Weight 5-06 kilos. Right kidney weighing 23 grms. was 
removed. The ligature slipped from the pedicle and very considerable 
hemorrhage from the renal artery occurred before the pedicle was again 
secured. The animal was placed in the collecting chamber at 6 p.m. 

Dec. 29, 1891. Killed. Weight 3:96 kilos. Portion of kidney found 
post mértem weighed 7°8 grms. The transplanted fragment was found con- 
siderably atrophied and imbedded in omental fat. In this experiment the 
relatively small amount of urea excreted after the second operation was 
associated with a considerable diminution in the amount of the ingesta. On 
many days the fragment of kidney excreted between 10 and 11 grms. of urea, 
so that the small urea excretion cannot be attributed to any inability on the 
part of the fragment to excrete. 


No. 46. 

Daily average. Before Ist op. After 1st op. After 2nd op. 
Urine in c.c. eer 128 273 
Urea in grms. 71 6 7 
Food in grms. 143 biscuit 185 biscuit 0 


Body wt. in kilos 715 to704 5°94 to 6:16 6°16 to 4°29 


June 20, 1893. Weight 7°15 kilos. Placed in chamber. 

July 1, 1893. 7°6 grms. removed from right kidney. 

July 15, 1893. Weight 5:94 kilos. Placed in collecting chamber. 

‘Aug. 9, 1893. Weight 6°16 kilos. Left ureter ligatured and animal 
placed in chamber on the 10th. 

Aug. 18, 1893. Found dead at 9am. Weight 4:29 kilos. Right 
kidney weighed 4-7 grms. 

In the eight days following the second operation 50 grms. of biseuit were 
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eaten on the first day, none after, so that practically no food was taken after 
the operation, and yet the quantity of urea excreted was the same as that 
previously excreted on a full diet. | 


No. 48. 
Daily average. After Ist op. After 2nd op. 
Urine in c.c. 223 178 
Urea in grms. 12°8 ) 3°6 
Food in grms. 214 biscuit 0 
Body wt. in kilos 5:06 4°84 to 3°96 


Aug. 25, 1893. 9°8 grms. removed from right kidney. 
Sept. 20, 1893. Weight 5-06 kilos. Placed in chamber. 
— Oct. 7, 1893. Left kidney weighing 21 grms. removed. 

Oct. 12, 1893. Killed. Weight 3°96 kilos. Fragment of right kidney 
found post mortem weighed 4:2 grms. No food was eaten after the second 
operation. 

In this case the amount of urea excreted after the second operation 
was very small, and as mentioned above, this was the only case in the 
series where the urea output was obviously diminished. The large 
excretion after the first operation was entirely due to the copious diet. 
This case, however, was one with the smallest absolute amount of kidney 
left. In case 46, however, although the actual amount of kidney found 
post mortem was ‘5 grm. more, yet relatively to the body weight 
No. 46 had less kidney than No. 48. I am not inclined to think that 
the small amount of kidney found post mortem was the cause of the 
small excretion of urea, but rather that this was due to the short 
duration of life .fter the second operation. The animal was by no 
means moribund when killed. 

The first thing that strikes one on inspection of the above Tables is 
that there is at all events no diminution in the excretion of urea as a 
result of removing some three-quarters to five-sixths or even nine- 
tenths of the total kidney weight, and that—as seen above—the 
_average daily excretion of urea was either absolutely or relatively 
increased in all but one case. By a relative increase in amount I mean 
a condition where, with diminished ingesta or with none at all, the 
urea output remained at the height it had reached in a normal animal 
on a liberal diet. It must again be insisted on here that the normal urea 
excretion was that seen in these animals with practically an unlimited 
diet ; z.¢., food was not given in definite fixed quantities, but weighed 
supplies were given when the previous ones had been consumed. 

Two questions of great importance present themselves for con- 
sideration : | 
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Is the absolute increase dependent on diet? or is the absolute 
increase dependent on the amount of kidney ? 

The absolute increase in the urea excretion is perhaps better seen 
_ in experiments made on a meat diet, the appetite not failing so much 
_ for meat as for biscuit after the operation. No. 23 illustrates this 
point well. In the cases where there is no absolute increase in the 
amount of urea excreted—with the exception of No. 48—the average 
daily amounts do not fall below those excreted normally on a full diet. 
The relatively smaller quantity of urea passed in these cases as 
- compared to. those where there is an absolute increase, is not due 
to any inability on the part of the kidney to excrete. We see this 
well in No, 22, where biscuits were refused after the second operation, — 
but where, nevertheless, meat was eaten greedily, and the daily urea 
output immediately rose. This point is of considerable importance, 
as it shows that the fragment of kidney, small as it is, can excrete 
quantities of urea far greater than those usually excreted; hence the 
further important deduction that, in cases of only relatively increased 
urea excretion, the condition is not due to any impairment of the 
activity of the kidney as an excretory organ. 

We may also look at this question from another point of view; te, 
whether the amount of kidney found post mortem was the same or not 
in the two series of absolute and relative increase. In six cases where 
the daily excretion of urea was notably and absolutely increased the 
average amount of kidney found post mortem was 1°5 grms. per kilo of 
the initial body weight,—the extremes being 2:1 grms. per kilo and 
‘9 grm. per kilo. On the other hand, in the five cases where the 
increase was relative and all the data exist, the average was 1:16 grms. 
of kidney found post mortem per kilo of initial body weight. It is- 
obvious that in the latter series the amount of kidney found post 
mortem was considerably less than in the cases where the increase 
- in the urea excretion was both notable and absolute. Again, if we 
compare in the two series—not the relative weight of kidney to body 
weight, but the absolute kidney weight,—we find that in the series of 
six cases with absolute increase of urea, the 


. Average body weight was 7 kilos —Extremes 9°6 kiloe and 4°8 kilos. 
kidney wt.p.m.104grms— , 125 grms. and 81 grms. 
In the five cases where the urea increase was relative, the 

Average body weight was 6 kilos —Extremes 7°15 kilos and 5 kilos. 

» kidney weightp.m.7 grms—  ,, 10 grms. and 42 grms. 
PH. XXIII. | 32 
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‘Even taking into consideration the fact that in the latter series the 


body weight was less, it is obvious that both absolutely and relatively 
to the body weight there was less kidney substance in the series where 
the urea increase was only relative, as compared with the cases where 
the urea increase was absolute. | 

In the series containing the cases with the absolute urea increase 
the average amount of kidney found post mortem was 1°5 grms. of 
kidney per kilo, so that subtracting 1°5 grms. from 10°4 grms. of kidney, 
we find that in the series containing the cases where the urea increase 
was relative, 89 grms. is the theoretical amount of kidney which 
ought to have been present in this second series for the kidney weight 
as compared with the body weight to maintain the same proportion as 
that seen in the other series, whereas only 7 grms. were found—a very 
considerable difference. Granting that if the kidney substance is 
reduced so that post mortem only 1°5 grms. to 2 grms. per kilo are found, 
the urea excretion is absolutely increased, the further question remains 
as to whether the relative increase in urea excretion seen, where only 
1:16 grms. of kidney per kilo are left, is due to failure of appetite or to 
inability on the part of the kidney fragment to excrete larger quantities. 
In the case of No. 22 the fact that there was only a relative urea increase 
~ is unquestionably a matter of diet and diet only, the animal’s appetite 
failed for biscuit, not for meat, so that when a meat diet was given 
the urea excretion immediately rose. Therefore, in this case there can 
be no doubt that the small urea excretion was in no way dependeut 
upon incapacity of the kidney fragment to excrete, but No. 22— 
although included in the relative urea series—had 1°6 grms. of kidney 
per kilo with an actual kidney weight of 10 grms.; that is to say, an 
amount similar to that found in the absolute increase series. In 
Nos. 14 and 28 (urea increase relative) the amounts of kidney weight 
compared to the body weight were similar to Nos. 12 and 44 (urea 
increase absolute), but the actual kidney weights were smaller than 
in Nos. 12 and 44, In Nos. 46 and 48 the fragments of kidney are 
very small, both absolutely and relatively, and’ it is mainly on these 
two cases that the question must turn. If it can be shown that these 


small fragments of kidney are capable of excreting freely, then it must - 


be concluded that the relative increase seen in Nos, 5, 14, 22, 28, 46 
and 48 must be due to failure of appetite and not to any inability to 
excrete urea. No. 48 is included, although here of course, as mentioned 


above, there was an actual diminution in the — quantity of urea 
excreted. 
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In No, 46 there were only 47 grms. of kidney post mortem and the 
animal survived the second operation—ligature of the ureters—9 days, — 
during which time 50 grms. of biscuit were the only food eaten, The 
daily urea average, as shown above, was 7°1 grms., the same as excreted 


on a diet of 143 grms. of biscuit daily. The urea was observed daily 
for 8 days. In the Table appended it is seen that in this animal there 


was no inability on the part of this small fragment of kidney to excrete 
quantities of urea equal to those previously excreted by the normal 


- animal with intact kidneys. The largest excretion of urea in one day 
with normal intact kidneys in this animal was 10-7 grms. The lowest 


estimate of the initial total kidney weight in this animal would be 
about 40 grms,—probably 50 grms. would be more correct. When only 
47 grms. of kidney remained available for excretion, the ureter of the 
other kidney having been tied, the largest excretion of urea in any one 
day was 7°6 grms., and this occurred on what was practically the third 
day of starvation. We have a striking instance here of the power of 
the kidney to excrete -urea, inasmuch as approximately one-tenth of 
the original kidney weight was able to excrete quantities of urea equal 
to those normally excreted. 

In No. 28 the maximum urea output in any one day with intact 
kidneys was 12°3 grms., the average for 6 days being 89 grms., the 
estimated total kidney weight was 38 grms. With 7°8 grms, as the 
total amount of kidney left, the maximum urea excreted on any one 
day was 11 grms., the average of the last six days being 8 grms. _ 

No. 22 has already been quoted, and the only remark necessary 
here is that 10 grms. of kidney excreted on an average 15°25 grms. of 
urea on a meat diet, and that.during 9 days’ observation the maximum 
excretion on any one day was 18°6 grms. In this case, however, as 
mentioned above, the kidney fragment was both relatively to the body 


weight and actually larger than in the other cases of this series. 


In No. 14 the maximum excretion of urea in any one day after the 
first operation? on a liberal meat diet was 23'2 grms. of urea. The 
estimated kidney weight was approximately 41 grms. With 82 grms. 
as the total kidney weight left, the maximum urea output in any one 
day was 21 grms,, and when the animal was very weak indeed—2 days 
before death—16°6 grms. of urea were excreted in 24 hours. 

These experiments have been given in some detail, and the obvious 
conclusion appears to be that these small quantities of — substance 


No observation on the normal dog in this exse 
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are quite able to deal with and excrete. quantities of urea greater than 


‘those actually excreted. Therefore, the fact that in these five cases 


there is only a relative increase in the urea output is not to be 
explained by any deficiency of the kidney fragment to excrete, and this 

is the case even in No. 46, where it is probable that only one-tenth of 
the original kidney weight was available for excretory purposes. I 
consider that in these cases the undoubted cause is failure of appetite, 
and especially that they were biscuit diet experiments, and that the 


animals refused this food after the operation. No doubt the failure of 


appetite is dependent upon the kidney lesion, this—as will appear 


later—sets up a disordered metabolism, and doubtless the appetite is 


secondarily affected in this manner. . 

It would be important and interesting to contrast short starvation 
periods upon the urea excretion before and after the second operation. 
There are, of course, as mentioned above, many cases of starvation of 
short duration after the second operation, owing to the refusal of food 
by the animal, but no starvation experiments were made prior to the 
second operation except in No. 44. This animal was fed from May 21 
to May 30 on biscuit and bread and milk, the excreta were not examined. 
At 9 a.m. on May 30 the animal was placed in the collecting chamber, 
and no food was given until 9 am. on June 2. During the three days’ 
starvation 19°48 grms. of urea were passed,—8°21 grms. during the first 
24 hours; 8°13 grins. during the second 24 hours; and 3:14 grms. during 
the third 24 hours. The wedge from the right kidney had been re- 
moved on April 28. On June 28, 15 days after ligature of the left 
ureter, no food was given after 9 a.m. 14°45 grms. of urea were excreted 
during the next 24 hours, 13°06 grms. during the second 24 hours of 
starvation. Unfortunately the experiment was then stopped. Still a 
comparison of the second day of starvation in the two cases shows that 
after the 2nd operation the urea output is much greater than it is after 
the first operation, in the proportion of 13°06 grms. to 8°13 grms. of 
urea. The temperature having fallen to 98°8 the animal was then 
killed, as it was desired to examine the tissue extractives whilst the 
increased excretion of urea was in full operation. | 

The Increased Urea Excretion. We have seen above that after 
the second operation the increased excretion of urinary water usually 
begins within 48 hours, sometimes earlier—within the first 24 hours, 
and occasionally later—on the third day; hence it is important to 
determine when the increased excretion of urea commences. In the 
majority of cases the increased excretion of urea begins distinctly later 
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than the onset of the hydruria, so that for a variable but short period 
_ after the second operation there is a condition of hydruria with no 
increased output of urea. The increased excretion of urea then sets in, 

and persists until within 2 or 3 days of death; but as previously stated, 
_ the animals were usually killed at a time when the ‘increased output 
was still present. Hence the urea excretion curve and the water excre- 
tion curve do not coincide, the latter preceding the former. Thus, in 
the fatal cases where the urea output is increased and where some 
three-quarters or more of the total kidney weight has been removed, 
there is an initial period of short duration, where the urinary excretion 
is carried on in a similar way to that described above as occurring in 
the non-fatal cases where but two-thirds of the total kidney weight had 
been removed. In other words, a dilute urine is passed, so that—and 
even in No, 48 where the urea is diminished in amount—a urine of 
low specific gravity is excreted. 

The increased urea excretion has always set in by the fourth day 
after the second operation. In three cases,—Nos. 46, 12, and 44—it set 
in between the third and fourth days. In Nos. 44 and 46 the hydruria 
was well marked 48 hours after the operation, so that in both these 
animals a condition of simple hydruria existed for two or three days. 
In No. 12 the hydruria was marked within 24 hours, so here the period 
of hydruria was longer, i.e. three complete days, and only on the fourth 
day was the polyuria present. _ 

In four cases—Nos. 9, 14, 23, and 35—the increased excretion of 
urea was marked by the third day. In No. 9 the hydruria set in 
within 24 hours, so that for two days simple hydruria was present. In 
Nos, 14 and 23 the hydruria was not marked until the second day, the 
polyuria appeared on the third day, so here the interval was shorter. 
In No. 35 the hydruria was extremely marked within 48 hours, the 
increased urea excretion occurring 24 hours later.. 

In the remaining four cases—Nos. 5, 6, 22, and 28—the onsets of 
the hydruria and polyuria were practically synchronous on the second 
day after operation. However, we see that in 7 cases out of 11 cases 
there was a distinct interval after the operation before the increased 
excretion of urea set in, and that during this interval of one to three 
days a dilute urine was passed, similar to that described above as 
excreted by animals where some two-thirds of the total kidney weight 
had been removed. The first question that presents itself is whether 
the increased urea excretion usually beginning on the third day after 
the operation is dependent upon any accumulation of urea in the blood 
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and tissues from deficient excretion in the first one to three days after 
operation. Is there any considerable retention of urinary products 
previously to their excretion in increased amounts? because if any such 
retention can be shown it is clear that the subsequent increased excre- 
tion might be corisidered to be due to this cause. In the consideration 
of the following Table it must be remembered that the first column 
gives the urea excretion on a liberal diet of either biscuit or meat, or — 
both, whereas the animal does not eat in the first 24 hours after the 
operation, and as we have already seen in detail, the failure of appetite 
in many cases is much more prolonged, and even is sometimes present 
until death. 


first one to three days after the Second Operation. : 


ae , theoretically urea after 


No. of excretion retained final operation 
dog grms. in days ys in grms. in grms. 
6 9 1 4°6 4°4 

after Ist op. 
6 4°3 1 4°8 0 9°3 
after Ist op 
9 9*1 2 9°8 0 16°8 
after lst op : 
12 3 6°24 13°6 
22 5 1 2°27 2°73 5°5 
23 16 2 5°6 20°8 21 
28 9 ee 2°8 62 8 
85* 78 1 7°27 11% 
44* 8°2 2 11 0 118 
460 71 4°6 5 71 


performed at five in the afternoon, and the 
animal placed in the collecting chamber at nine a.m. the next morning. 


We learn from the Table that in four cases where the increased 
excretion of urea was. very well marked, «.e. in Nos. 6, 9, 35, and 44, 
there was no retention of urea at any period immediately subsequent — 
to the second operation; therefore in these cases it is obvious that no 
such explanation of the subsequent polyuria is possible. Further, in 
Nos. 5, 22, and 46 the quantities hypothetically retained were trifling, 
and probably there was no such retention in these cases for the reason 
that no food was eaten subsequently to the operation in Nos, 22 and 46. 
This leaves four cases—Nos. 12, 14, 23, and 28—for our consideration. 
In Nos. 12 and 28 this hypothetical retention was moderate, and in No. — 
14—and especially No. 23—it was considerable in amount. Is it 
possible to say that here we have the cause of the subsequent polyuria 
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in these four cases? Quite apart from the consideration of the other 
seven cases, where we have seen that such a conclusion is unj justifiable, 
this question can be answered in the negative in these four cases for 
the following reasons. To take first the case of No. 12. Asa normal 
dog with a full diet the average daily urea excretion was 8°6 grms., the 
extremes being 12 grms. and 6°12 grms. In the first 24 hours after 
operation only 2°94 grms. were passed, but the animal vomited twice 
in the 24 hours, In the second 24 hours, 7-4 grms. were excreted, and 
in the third 24 hours, 84 grms. were excreted. It is clear that the 
vomiting may have been and probably was the cause of the deficient ex- 
cretion in the first 24 hours, but neglecting this factor we see that the 
total urea excretion of the first three days was some 18°74 grms. against 
a theoretical amount of 25°18 grms. As repeatedly insisted on, the 
appetite always fails during the first few days after the operation, so 
that in these three days there was a theoretical retention at the outside 
of some 6°4 grms. of urea, although in all probability no such retention 
really occurred, and the apparent deficiency was doubtless due to the 
vomiting and the loss of appetite. In the next three days the urea 
excretion rose to 11, 15°6, and 19 grms. respectively, so that in these 
three days the total excretion amounted to 45°6 grms. against the 
theoretical output of 25°18 grms. Hence in the last three days of the 
first six days we have a plus excretion of 20°5 grms. of urea to balance 
against a more or less hypothetical minus excretion of 64 grms. If 
there is any retention it occurs immediately after the operation, and is 
quite out of proportion to the subsequent increased excretion. These 
experiments show that such fragments of kidney are quite capable of 
excreting large amounts of urea, thus although only 2°9 grms. were 
excreted in the first 24 hours, yet within a week of the operation 
19 grms. were excreted in the 24 hours. I think it is unnecessary to 
discuss here whether the supposed retention of 6 grms. of urea in this 
case could so disturb metabolism as to lead to the subsequent polyuria ; 
it is at least clear from the detailed consideration of this experiment 
that the subsequent increased excretion of urea is far too great to be 
accounted for by retention. Of course this is further shown by the fact 
that the average for the whole first week is greater than the normal 
average; but inasmuch as it is a question of such fundamental impor- 
tance it was considered necessary to discuss it at a greater length. 

In No. 14 an average of 11°6 grms. of urea was passed daily after 
the first and before the second operation, the extremes being 4'1 grms. 
and 18°5 grms, This experiment shows the wide fluctuation seen in 
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practically normal animals’. In the first 24 hours 35 grms. were 
excreted, in the second 7'4 grms., and in the third 12°7 grms., so that in 
the first and second days there was (neglecting loss of appetite, etc.) a 
theoretical retention of 12°3 grms.; on the third day a little more than 
the normal average was excreted, on the fourth day 17 grms., and on 
the fifth day 21'l grms. were. excreted. Here, therefore, as in No. 12, 
the plus excretion was more than sufficient to neutralise any supposed 
retention from minus excretion in the first day or two after the second 
operation. No. 23 is the case where the apparent retention is greater 
than in any other of the experiments. This condition is partly due to 
the fact that the animal was fed on a meat diet, and hence in the first 
two days after operation—with poor appetite—the urea fell greatly. 
_ This animal passed normally on an average 16 grms. of urea per diem 
on a meat diet of 150 grms. In the first 24 hours after the second 
operation the urea fell to 3°6 grms., in the second 24 hours the amount 
was 7°7 grms.: and thus in these two days there was a theoretical reten- 
tion of 32—11:°3 = 20°7 grms. of urea, but it is at once manifest that — 
such an assumption is unfair, owing to loss of appetite. In the third 
24 hours the urea rose to 16°8 grms., and in the seventh to 22°2 grms., 
so that even in the case with the most apparent retention we cannot 
show that the kidney was unable to excrete. 

Lastly, in No. 28 an average of 9 grms. of urea was passed per diem 
by a normal dog. On the first day after operation the excretion fell to 
2°14 grms., the second day it rose to 7 grms., the third day it fell to 
4°2 grms., and on the fourth day it was close on 10°7 grms. A compari- 
son in this animal can be made in the following way, as it shows the 
maximum retention possible. During a period of six days as a normal 
dog 600 grms. of meat and 600 grms. of biscuit were eaten, and 51 grms. 
of feces and 53 grms. of urea excreted. During a period of six days 
immediately after the second operation 600 grms. of meat were eaten 
and 400 grms. of biscuit; 180 grms, of feces and 36 grms. of urea were 
passed. We see here a disstaished ingesta, amounting to 200 grms. of 
biscuit in the period, and an increased amount of feces, yet. the total 
estimated deficiency of urea is but 17 grms. in the six days. This 
estimate is, however, too high, seeing that increased excretion of feces 
and the diminished ingestion of food would of course diminish the 
formation of urea. In the next six days 200 grms. of meat and 100 
grms. of biscuit were eaten; 15 grms. of feces and 50 grms. of urea 
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excreted. Thus we see that in the last 10 days of life, with the ingesta 
diminished to less than half the normal amount, the urea excretion 
_ remains practically at its former level—50 grms. as against 53 grms.—a 
difference of ‘5 grm. per diem. 

A careful consideration of these experiments will show that there is 
some doubt as to whether any real retention of urea occurs, because 
although such retention is assumed in this and other cases quoted 
above, the retention is always calculated on the basis of the urea 
excretion on a full diet, whereas immediately after the operation where 
any retention has been supposed to occur there has always been failure 
of appetite, and hence diminished ingesta. If retention occurs it is at 
least certain that the amount would be less than that supposed above. 

Further, we have seen over and over again that even where the 
kidney excreted small amounts of urea it was possible to cause it 
to excrete much larger quantities by increased diet, etc. Again, in 
No. 28, where retention may perhaps have existed, the subsequent urea 
excretion in the second week was certainly sufficient to have eliminated 
any such retention, even the hypothetical retention here in a week was 
17 grms.,.and practically the same quantity of urea was excreted in the 
second week with a diet less than half the normal, as was previously 
excreted on a full diet. 

I look upon the diminished output of urea sometimes seen dunia 
the first few days after the second operation as dependent upon loss of 
appetite, etc., caused by the operation, and not as due to any incapacity 
on the part of the kidney fragment to excrete urea. 

Another striking point seen in many of the experiments quoted 
above is that the increased excretion of urea is progressive; thus, it is 
frequently better marked in the second week after the operation than 
it is in the first, and perhaps better still in the third week in those 
cases where the animal survived so long. This argument is of some 
force against any retention theory. It has been mentioned before that 
the excretion fails notably in the last two or three days of life, but not 
many of these examples are available, as after the first few experiments 
the animals were killed before the onset of the final stage, in order not 
to spoil the analysis of the tissues. It is very important to do these 
analyses when the increased urea excretion is in full swing. 

Concerning the amount of increase in the urea excretion, No. 14 


_ shows that as much urea may be passed with little food and No. 46 with 


no food, as was previously excreted by the animal on a full diet. In 
No. 6 the urea output was doubled, but here the excretion previous to 
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operation. was very small. In No. 9 the increase was very considerable, 
from an average of 9 grms. per diem to 16 grms. per diem. No. 35 
shows one of the most marked cases of increase. As a normal dog this 
animal in 7 days excreted 54°65 grms. of urea in 485 c.c. of urine, the 
food consumed being 1050 grms. of biscuit and 235 grms. of feces were 


| passed. In 5 days after operation 58°29 grms. of urea in 2420 c.c. of 


urine were passed with ingesta nol. 

Taking into consideration the absence of food the urea output in 
this case must have been approximately doubled. Nos. 12 and 44 show 
moderate increases from a daily average of 8°6 to 11°6 and from 8°2 grms. 
to 118 grms. respectively in the two cases. 

No. 44 is perhaps worth quoting in full. As a normal dog, in 
7 days, with total ingesta of 1150 grms. of biscuit and total feces 
458 grms. 57928 grms, of urea in 930 c.c. of urine were excreted. 
After the first operation, in 7 days 1400 grms. of biscuit were eaten, 
805 grms. of feces—76°15 grms. of urea in 1605 c.c. of urine were 


_ passed, the animal losing 2 lbs. of body weight in the week. In the 


first 7 days following the second operation 700 grms. of biscuit were 
eaten, 245 grms. of feces and 82°79 grms. of urea in 2960c.c. of urine 
were passed. In the second 7 days following operation 470 grms. of 
biscuit were eaten, 282 grms. of feces and 83°65 grms. of urea in 
3060 c.c. of urine were passed ; the loss of body weight in the 14 days 
being 7 lbs. = 3:08 kilos. 


VI. RESULTS OF DOUBLE PARTIAL NEPHRECTOMY. 


The preceding pages have shown that the removal of large quantities 


of kidney substance is followed by an increase, not only in the quantity 


of urine, but also by an increase in the urea; and it has also been seen 
that to produce the latter result it is necessary to remove more kidney 
substance than to produce the former. The question now presents 
itself as to whether these results are due to the actual quantity of 
kidney substance removed, or whether they are due to the mode of 
removal, 1.¢., to what may be called the mutilation necessary in the 
operation procedures, because it is quite possible to damage the kidney 
more in one case by the removal of a small piece than in another by 
the removal of a much larger fragment. To elucidate this point 
experiments were carried out in four cases,—Nos. 33, 34, 35, and 49— 
on the results following the removal of portions of both kidneys. 

Unfortunately, No. 33 became septic after the second operation and 
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was therefore killed, hence no data are available in this instance. 
No, 49 is also unavailable for this purpose, the animal having died of 
shock within 24 hours of the second operation. 

The following are the details in the remaining cases : 


No, 34. Weight 8°14 kilos. 

Feb. 1, 1892. Put in chamber. 

In six days passed, as a normal dog, 32 grms. of urea in about 450c.c. of 
urine’, -In the six days 400 grms. of biscuit were eaten and 69 grms. of 

_ feces were passed and the animal lost ‘88 kilo of body weight. 

Feb. 9. 8 grms, were removed from middle of left kidney. 

Feb. 20. Put in chamber again. 

In six days 57°4 grms. of urea in 980 cc. of urine were passed. 
1100 grms. of biscuit were eaten. 340 grms. of feces passed. Weight 
7-7 kilos. Average: Urea, 9°5; Urine, 163; Food, 183. 

April 6. 5 grms. removed from middle of right kidney. 

April 18. Put in chamber again. | 

In 7 days 60°6 grms. of urea in 1725 .c. of urine were passed. 1200 grms. 
of food were eaten, and 435 grms. of feces passed. Weight 7:04 kilos. 
Average: Urea, 8°6; Urine, 246; Food, 171. 


No. 34, 
Urea in grms. Urine in c.c. Food in grms. wea 
Ww Total Daily Total Daily Total Daily daysin 
in _ quantity quantity average quantity average chamber 
Normal 8°14 82 5°4 450 75 400 66 


50 days after 7°26 
1st op. 


57 
(18 days after) 7°48 60 86 1725 246 171 
2nd op. 
70 


86 days after 7°04 


10 ? 276 1200 171 
2nd op. biscuit 


No. 35. Feb. 1,1892. Weight 9°02 kilos. Placed in collecting chamber 
Feb. 12. 9 grms. removed from the middle of the right kidney, the hemor- 
rhage was very severe, ten vessels were ligatured and in two cases sutures 
had to be passed under the vessels to secure them. 

March 7, 1892. Weight 7:04 kilos. Placed in collecting chamber. 

March 16, 1892. Weight 7-26 kilos. 5 grms. removed from middle of 
left kidney. This kidney was found to be considerably enlarged. 

March 21, 1892. Weight 6°6 kilos. Placed in collecting chamber. 

May 18, 1892. Weight 7°04 kilos. Placed in collecting chamber. 

June 20, 1892. Weight 8-25 kilos. Placed in collecting chamber on 
June 23. On July 30 the body weight was 7°26 kilos. 


1 Water upset twice, and so actual amount of urine not known. Shove Senne Soe 
average of four days. 
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No. 35. | 
Urea in grms. Urine in cc. Food in grms. ze. i 
Total otal coll 
Normal 9°02 546 78 485 69 1050 150 7 
biscuit. 
28daysafter) 704 90 112 1640 205 1450 181 8 
1st op. biscuit 
6 days after 6°6 88°5. 11 8280 410 1500 187 8 
2nd op. biscuit 
22 days after 7°04 38°6 6°42 2150 358 1000 166 6 
2nd op. biscuit 
64 daysafter) 704 653 79 1940 
99 days after 814 74 105 . 2185 805 1400 200 7 
op. biscuit 


Two similar experiments have been carried out during 1896—1898, 
and in both cases the animals have survived both operations, and 
remained in good health 18 months after the operation of removing a 
wedge from each kidney. | 

We notice in the first place, by inspection of these Tables, that 
removal of a wedge from the middle of each kidney is not a fatal 
operation. About two months were allowed to elapse in No. 34 
between the first and second operations, and two months after the 
second operation the animal was alive and well. The initial weight 
of this dog was 8°14 kilos. At the time of performing the first 
operation the body weight was 7:26 kilos; the confinement in the 
laboratory alone had caused a fall of ‘88 kilo in body weight in about 
five weeks. In the four months, ze, from February to June 3rd, 
although these two operations were carried out, the final body weight 
was 7‘04 kilos; thus the two operations were not followed by any 
permanent loss of weight. The same condition is observed in No, 35, 
where the initial weight was 9°02 kilos, and where previously to- the 
first operation there was a loss of ‘44 kilos. As a result of the first 


_ operation there was a considerable fall in body weight; ie. from 


8°58 kilos to 7°04 kilos, and the second operation caused a further fall 


to 6°6 kilos. About three months subsequently to this second operation 


the body weight had risen to 8°14 kilos; and one month later, the 
animal being in very good health, the body weight was 7°26 kilos. 
From Feb. 12th to July 30th, therefore, we have a total loss of weight 
of 1:32 kilos, «.e., from 8°58 to 7°26 kilos, but at one time the animal 
had reached a weight of 8:14 kilos, notwithstanding the excision of a 
wedge from each kidney. 
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Hence the removal of a wedge from the middle of each kidney is 
not followed by death, or even by any great impairment of the general 
health, since in all these cases the animals were kept under observation 
for a very considerable time after the second operation. 

In these experiments, although both kidneys were mutilated, the 
actual amount of kidney substance removed in the two operations was 
small. Thus, in both Nos. 34 and 35 approximately one-quarter of the 
calculated total kidney weight was removed as a result of the two 
operations, and this amount was frequently removed in other cases at 
one operation, eg. Nos. 4, 6, 17, 24, 28, 48, and more especially No. 49, 
where the animal survived the operation some 84 months, dying at this 
time from shock consequent on the removal of a portion of the opposite 
kidney. We see thus that removal of portions of both kidneys is not a 
fatal operation, provided the total quantity removed is not large, even 
though the mutilation to both kidneys was considerable in these 
instances, as the excision of the wedge necessitated — up the 
pelvis of the kidney. 

We will now consider the effect of these operations on the urine. 

We see at once from the Tables that the effect is to greatly 
increase the quantity of urine. Thus in No. 34 the first operation, 
i.e. the excision of a wedge from one kidney, was followed by a daily 
excretion of rather more than twice the quantity previously excreted. 
After the second operation there was a still greater daily excretion, 
so that the daily output was now almost four times the normal 
_ quantity, and the increased excretion was still quite marked 36 days 
after the second operation. 

No further observations were made for, as will be described below, a 
third operation was then performed. 

In No. 35 the same great increase in the excretion of urinary water 
is seen as a result of these two operations, only here the increase is far 
more considerable in amount, and the animal was kept under observation 
some 34 months. As can be seen from the Table the hydruria was 
extremely well marked at the end of this period, so that it may be 
considered a persistent hydruria, and in this case the daily excretion 
was between four and five times greater than that which would have 
taken place normally. 

As regards the urea output. It will be seen from the Table that 
the daily output after the second operation was not greater than that 
after the first operation. In No. 34 the daily output was greater than 
that seen in the normal dog, but this was due to the great difference in 
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the amount of the ingesta before and after operation. That there was 
no real increased excretion of tissue urea is seen from the fact that in 
Nos. 34 and 35 there was no considerable or permanent loss of weight 
as a result of the two operations. The loss of weight in No. 34 was 
very small, and in No. 35 there was a notable gain in weight after the 
second operation, amounting to nearly one-fifth of the body weight, so 
that the animal almost regained its initial body weight. | 

_ Thus, speaking broadly, the results of excision of a portion of each 
kidney are very similar to the results seen to follow excision of a portion 
of one kidney only. Both operations are compatible with prolonged 
life, z.¢., four months’, and doubtless for much longer periods, inasmuch 
as at this time the animals were still in good health. After both 
operations there is no progressive and persistent loss in body weight ; 
in both there is no increase in the urea excretion, and in both there is 
a great increase in the excretion of water, so that the animal excretes a 
dilute urine of low specific gravity. 

In order to procure still more evidence on this question a third 
operation was carried out in Nos, 34 and 35. The kidney from which 
the second and smaller wedge had been excised was removed, thus 
leaving the animal with a portion of one kidney, the one from which 
the larger wedge had been removed at the first operation. In both 
cases the operation was carried out successfully, but the results were 
very different owing to the fact that very different quantities of kidney 
substance were found post mortem in the two cases. 


No. 34. 


On June 3, 1892. Weight 7-04 kilos. The remains of the right kidney, 
_ weighing 18°8 grms., were removed ont the animal was placed in the collecting 
chamber at once. 


Urea in grms. Urine in c.c. Food in grms. 
SS 0. 
wt. Total Daily Total Daily Total Daily days in 
in quantity average quantity average quantity average otal 


: 


Sth week ots 92 13°2 184 


1 Ag mentioned above, further observations 1896 to 1998 have shown that life may.be 
prolonged in good health and after removal of 


4 

| lst week 6°16 25 8°5 885 126 485 69 281 7 
after 3rd op. biscuit 

| 3rd week 6°49 39 6°5 945 157 950 158 6540 6 
| after 3rd op. biscuit 

1 5th week 6°71 48 8 975 162 860 148 285 6 
| after 3rd op. biscuit 

qd 6th week 6°49 445 63 118 169 1120 160 #615 7 
4 after 3rd op. biscuit 
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This animal was killed whilst in good health and 145 grms. of 
kidney were found post mortem. 

We see from this experiment that this animal was killed two months 
after the third operation, the total loss of weight in this period being 
‘88 kilo, and as can be seen from the Table this fall occurred within a 
week of the third operation. The animal then put on weight, and 
finally the weight fell again to 6:16 kilos, but it must be clearly under- 
stood that the animal was killed when in good health and not because 
moribund, We see in this case the typical results produced by the 
removal of less than three-quarters of the total kidney weight, and the 
main interest of the experiment is the contrast it affords to what was 
seen in No. 35. In the case of No. 35 one month was allowed to elapse 
between the first and second operations, and 44 months between the 
second and third operations; the latter—as in No. 34—consisted in the 
removal of the kidney from which the smaller wedge had been excised. 
As before stated, during the whole of this period the animal remained 
in good health, and at the time of the third operation its body weight 
was 7°26 kilos, although immediately after the second operation it had . 
fallen as low as 6°6 kilos. One month before the third operation, 
however, it had risen to 8:14 kilos, so that during. the last month 
before the third operation there was a loss of ‘88 kilo, without detri- 
ment, however, to the general health. 

On July 30th the remainder of the left kidney —26 grms. in 
- amount—was removed, and the animal put in the collecting chamber 

July 3lst. The results can be seen in detail from the following 
Table. 


No. 35. 

quantity average quantity average quantity Total 
Normal 9°02 546 78 485 69 1050 150 235 7 
AfterIstop. 704 90 112 1640 205 1450 181 758 8 
| 72 9505 889 5800 189 2777 28 
After 3rdop. 7°26 58 116 2420 484 none none 15 54 

to 5°94 : eaten eaten 


In the above Table the average after the second operation was 
obtained by adding together all the data obtained during the four 
separate periods in which the dog was placed in the collecting chamber. — 
It is sufficient to say here that the polyuria and emaciation after the 
third operation were so great that the animal was killed owing to its 
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cachectic condition on the sixth day following the operation. The 
body weight then amounted to 5:94 kilos, so that there had been a loss 
of weight of 4 lb. per diem, and notwithstanding the fact that no food 
was eaten after the operation, the average daily excretion of urea was 
as great as it had ever been on a liberal diet, and far greater than it 
had been on a daily diet of 150 grms. of biscuit. This animal had but 
81 grms. of kidney post mortem and 9 + 5 + 26 = 40 grms. had been 
removed, so that roughly speaking this animal had but one-sixth of, its 
original total kidney weight available for the discharge of the renal 
functions. This amount of kidney substance was, however, quite able 
to excrete daily quantities of urea as great or even greater than those 
previously excreted by the normal kidney, which must have weighed 


at least six times as much as the fragment found ay mortem, and 


probably this calculation is within the mark. 

These two experiments—Nos. 34 and 35—seem to show very 
conclusively that the polyuria and emaciation are determined by the 
quantity of kidney substance left, and are not due to or associated 
with the mutilation necessary in performing the partial nephrectomies. 
In both cases three operations were carried out, in the one case— 
No. 34—only hydruria was present, in the other—No. 35—polyuria, 
marasmus and death were induced. In the former case 14°5 grms. of 
kidney were found post mortem, in the latter 8-1 grms. In No. 34 the 
proportion of kidney weight found post mortem to initial body weight 
was 177 grms. of kidney substance per kilo. of body weight. In | 
No. 35 the proportion was ‘9 grms. of kidney weight per kilo of initial 
body weight. If the kidney weight found post mortem is compared to 
the final body weight an unfair comparison is made, owing to the rapid 
emaciation in No. 35, but we find that in No. 34 there were 2°35 grms. 
of kidney per kilo of final body weight, whereas in No. 35 there were 
1:36 grms. of kidney per kilo of final body weight. 

In Nos. 34 and 35, dogs of nearly the same initial weight (8°14 kilos 
and 9 kilos respectively), the total amounts of kidney substance re- 
moved and found were approximately equal, thus :— 


No, 34,8 +5 + 18:3 +145 = 46'3 grms, of total kidney weight observed. 
No. 35,9+5+26 + 81=481 __,, » ” 


Further, the amounts of kidney left in these two animals after the 
second operation were also approximately equal,—eg., in No. 34, 
33'3 grms., and in No. 35, 34 grms., but whereas in No. 34 the 
amount was fairly distributed between the two kidneys, in No. 35 
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great atrophy of the fragment of the first kidney operated on had 
occurred, and the kidney weight was kept up by a correspondingly 
considerable hypertrophy of the opposite kidney. 

We see that the effects of the first two operations were very 
similar in the two cases, and how the amounts of kidney substance 
present in the two dogs were approximately equal, yet after the third 
operation one animal had nearly twice as much kidney as the other, 
and coincidently with this in the one case hydruria only and in the 
other polyuria and emaciation were produced. 


VII. NITROGENOUS EXTRACTIVES OF THE BLOOD AND TISSUES 
AFTER PARTIAL NEPHRECTOMY. 


In determining the presence of an excess of nitrogenous extractives 
in the blood and tissues after removal of three-quarters of the total 
kidney weight the following method was adopted: 

The blood was obtained from the carotid artery, and a measured 
quantity put at once into rectified alcohol, sometimes into absolute 
alcohol. The animal was then bled to death, and as much blood as 
possible squeezed out of the limbs and viscera. Weighed quantities of 
minced muscle, liver, and brain were then put into an excess of rectified 
alcohol. In some cases after bleeding, the vessels were washed out for 
some time with salt solution, and the bloodless tissues then mixed up 
and extracted with rectified alcohol. After standing in the rectified or 
absolute alcohol, usually for some weeks, the alcoholic extract was 
poured off and the fluid expressed from the blood, muscle, etc. The 
residual blood, muscle, etc., was then again extracted for a further period 
with a second quantity of fresh rectified alcohol, and this second extract 
was treated subsequently in the same way as the first. The results 
obtained from its analysis will always be spoken of below as those 
obtained from the second extract. The absolute extract after filtration 
was carefully evaporated on a water-bath, and the dry residue thus 
obtained was extracted with absolute alcohol for some hours, frequently 
for 24 hours, sometimes for less. This absolute alcohol after extraction 
was filtered and the residue washed with absolute alcohol several times, 
all the separate quantities of absolute extract being finally added 
together, and after filtration ‘evaporated to dryness on the water-bath, 
and the residue dissolved in water. This is spoken of as the absolute 
extract. 

The residue insoluble in absolute but soluble in the rectified extract 
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was also dissolved in water, and is spoken of below as the rectified 
extract. The amount of nitrogen in these absolute and rectified extracts 


was then determined by the Dupré and Kjeldhal methods. Half of each 
extract was used to determine the amount of nitrogen liberated by the 


Dupré method, the other half being used to determine the total nitrogen 
present by the Kjeldhal method. These two determinations were made 
with many of the absolute extracts, and two determinations with many 
of the rectified extracts. As regards the second extract, so little gas 
was obtained by the Dupré method that the Kjeldhal process was not 
always used, in fact if the first rectified extract had been made properly 
no appreciable amount of nitrogenous extractive matter was found in 


the residue submitted to the second extract. In this manner results — 


were obtained of the amount of nitrogenous extractive matter present, 
but no accurate information was obtained as to what extractive was 


actually present. The Dupré method of urea estimation is not an 


accurate method for determining the question as to whether all the 
nitrogen present was in the form of urea or whether other substances, 
such as kreatin, etc., were also present. It is clear, however, that by 
the simultaneous use of the Kjeldhal method of estimating the total 
nitrogen present a valuable control is obtained. Inasmuch as urea 
yields 92°/, of its nitrogen by the Dupré method, it is certain that if 
urea is the only substance present the nitrogen determinations by the 
Dupré and Kjeldhal methods ought to approximate closely. On the 
other hand, if other nitrogenous extractives are present which do not 
liberate such a high percentage of their total nitrogen by the Dupré 
method, it is equally certain _ the two determinations will no = 
be at all similar. 

In the Table on p. 481 the results obtained by this method are 
given. There are, unfortunately, many blanks, but in the earlier 


observations a less thorough examination was made, and owing to 


various accidental circumstances many of the analyses were spoilt’. 

Extractives of the blood. From inspection of the Table below it will 
be seen that there is an increase in the nitrogenous extractives soluble 
in absolute alcohol ; and further, that in some cases this increase is very 
great, and in no case was the amount within the normal limits as 
determined by a series of control observations. 


1 In many of the earlier experiments the amounts of nitrogen extractives in the blood, 
etc., were undoubtedly higher than those given in the Table, because larger quantities of 
blood were used, and so the extraction was not so perfect.. Subsequent experiments 
showed that better results were obtained by working with smaller quantities. - 
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In a series of control experiments on the blood of normal dogs killed 
in the laboratory the highest percentage of nitrogen existing in an 
extractive, soluble in absolute alcohol, and determined by the Dupré 
method was ‘009°/,, so that in one case, No. 23, the amount actually 
present was some twenty times greater than the normal. Usually, 
however, the increase is more moderate, 1.¢., from two to five or six times 
the normal. We also see from the Table that the amounts of nitrogen 
obtained by the Dupré and the Kjeldhal methods were very similar, and 
hence in all probability the nitrogen present was in the form of urea. 

As regards the quantity of extractive matter soluble in rectified 


~ alcohol but insoluble in absolute, we see from the Table that it is small, 


and that it was quite small in amount in the later observations, where 
a more thorough extraction with absolute alcohol was made. It must 
be distinctly understood that the excess of extractive matter in the 


blood is not to be accounted for by any failure of the excretory powers 


of the kidney fragment towards the end of life, when, as seen above, 
the excretion of urea diminishes, This excess in the blood is still seen 
if the animal is killed when the hydruria and polyuria are at their 
height. Of this No. 35 is a good example. The animal was killed so 
that the extractives could be estimated at a time when the increased 
excretion was going on, so that there could be no question of ac- 
cumulation from retention, and yet at the lowest estimation this 
animal's blood contained five times the normal amount of nitrogenous 
extractive matter. Nos. 23 and 28 were also killed at a time when the 
kidney fragment was excreting considerable quantities of urea, and — 
when the amounts of extractive matter present, large as they were, 
could not be accounted for by simple retention. 

Extractives Sound in muscle. 

(a) Soluble in absolute alcohol. 

As in the case of blood, so in the case of muscle, there i is a con- 
siderable increase in the amount of nitrogenous extractives soluble in 


absolute alcohol. Usually the percentage amount present in muscle has 


been slightly less than the percentage amount present in blood, but 
sometimes, as in No. 35, the reverse has been the case, and the muscle 
has contained more than the blood’. The quantities of nitrogen ob- 


tained by the Dupré and Kjeldhal methods, however, no longer coincide _ 


as they did in the case of the blood; the amounts obtained by Kjeldhal’s 
method being far greater than those yielded by the Dupré method. 


1 Compare the urea injection and ligature of ureters, experiments, pp.’ 487, 491. 
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(6b) Soluble in rectified, but insoluble in absolute alcohol. 

A considerable quantity of extractive matter soluble in rectified 
alcohol was found, and in some cases (often even after very thorough 
extraction with absolute alcohol) an amount was present as great as 
that soluble in absolute, eg. No. 28. In this respect the muscle 
extractives differed from the blood extractives, so that the total amount 
of extractive matter observed in the muscle was far greater than that 
in the blood. Of course normally, extractive matter is far more abundant 
in the muscles than in the blood, but the quantities present in some of 
these animals, e.g. Nos. 28 and 23, were far greater than the normal 
amount. Normally, the muscles contain about ‘2°/, of creatin, the most 
abundant of the nitrogenous extractives present, this would yield by the 
Dupré method about ‘03 grm. per cent. of nitrogen, and about ‘06 grm. 
per cent. of nitrogen by the Kjeldhal method. 

It is obvious from inspection of the Table that the extractive soatial 
soluble in rectified alcohol was not urea, or at least not pure urea, owing | 
to the discrepancy between the amounts of nitrogen obtained by the — 
Dupré and Kjeldhal methods respectively. 

Tiver. Here also there was an increase, both in the extractive 
matters soluble in absolute alcohol and in those soluble in rectified 
alcohol ; the increase, however, was not so notable as in the case of the 
blood and muscles. As in the case of the extractives of muscle, soluble 
in rectified, so in the case of the liver, there was a greater discrepancy 
between the Dupré and Kjeldhal determinations in the rectified than 
in the absolute extract. It is to be remarked that in most cases the 
extractive matter soluble in absolute was more abundant in the muscles 
than in the liver, notwithstanding the fact that the liver contained more 
blood than the muscles. 

‘Brain. Here also the extractives were considerably increased, and 
it is notable that the extractives soluble in absolute, were also more 
abundant in the brain than in the liver, and that in the Dupré and 
Kjeldhal determinations, results tallied fairly well in the case of the 
absolute extract, but not in the case of the rectified extract. : 

On looking at the Table, p. 481, it will be noticed that there are 
some considerable variations in the actual amount of extractive matter 
present in the blood in the different cases. Thus Nos. 21,19, 17, 11, and 
6 contain less than the others, although in all cases the quantity 
present is at least twice the normal amount, eg. Nos. 11 and 6. As 
regards the relatively small amount in No. 6, where a large quantity 
of kidney was removed, and where death ensued with the typical 
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phenomena described above, the only explanation I can offer is that it 
is one of the earlier analyses where a large quantity, 7¢. 100 cc. of — 
blood was used, and was probably not thoroughly extracted. This 
would seem to have been the fact, for the muscles yielded more nitrogen 
than the blood, and only 50 grms. of muscle were used. In the cases _ 
Nos. 11, 17, 19, and 21, the explanation is quite mmiple and is as 
follows :— 

It may be remembered that No. 17 was the case where the animal 
died from asthenia and wasting after the first operation. The details 
have been given above. This animal can in no way be compared with 
those where the typical disturbance ensued as a result of the removal of 
three-quarters of the total kidney weight. 

Nos. 11, 19, and 21 were three cases where two-thirds—not three- 
quarters—of the total kidney weight had been removed, where hydruria 
and not polyuria had been produced, and where the animals had been | 
killed in good or fair health. 

In the remaining cases greater quantities of extractive matter were 
present in the blood, etc., and these were all cases where three-quarters 
of the total kidney weight had been removed and where hydruria and 
polyuria were both present, the latter being sometimes extreme. 

It is interesting to note that even in the cases where hydruria alone 
had been produced and where there was no very notable increase in the 


urea excreted in the urine—Nos. 11, 19, and 21—the quantity in the 


blood was decidedly increased. The increase was greatest in No, 19, 
but this animal was on a very large diet of dog biscuit. 

Regarding the question as to whether the hydruria is dependent 
upon the increased amount of urea in the blood, the reader is referred 
to the discussion on urine, where it was decided that the hydruria was 
not due to the polyuria, the hydruria having been obtained without any 
notable increase of urea in the urine. It is possible that this is 
fallacious, and that the increase of urea in the blood causes the 
hydruria. It may be that as long as the urea production is kept within 


bounds and the kidney can excrete freely that there is no notable 


increase of urea in the blood, but when the urea production becomes 
very large then the urea excretion increases with extreme hydruria. 
It is clear from many facts adduced above that the phenomena cannot 
in any way be solely due to difficulties in the excretion of urea, but 
rather to variations in the urea production. It is quite possible that 
the hydruria is due to changes in the production of urea; in this respect 
the slight wasting seen in these hydruria cases deserves to be noted, 
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showing that probably no hard-and-fast line can be drawn between the 
two-thirds and three-quarter cases. 

It would seem from the foregoing observations that after excision 
of these quantities of kidney substance the extractive matters in the 
blood and tissues are increased in amount, and that this excess cannot 
be directly attributed to any deficiency on the part of the kidney in 
excreting urea. It is further seen that this excess is comparatively 
slight when but two-thirds of the total kidney weight has been re- 
moved, but it becomes very considerable when three-quarters of the 
total kidney weight has been excised. Again, the percentage of urea 
extractive matters is higher in the blood than in such tissues as the 
liver and brain, but the percentage amount in the muscles approaches 
and may even surpass that present in the blood. 

Before discussing this question at any greater length we will 
consider shortly the remaining facts as regards blood analysis given in 
the Table, page 481. 

In the first place, the specific gravity of the serum is notably 
lowered, especially when we remember that inasmuch as the animals 
were always chloroformed before being bled, the serum was stained with 


hwmoglobin; this was markedly the case in Nos. 19 and 28. Itis | 


interesting to observe that in the cases with hydruria only, as well as 
those with polyuria, the specific gravity of the serum was lowered. 
The lowest specific gravity of all was observed in No. 21, a case with 
hydruria only. 

The total solids of the serum were diminished, but here again we 
must remember that the determinations were too high, owing to the 
_ hemoglobin present. The total solids were very notably diminished in 
two out of the six cases. The same remarks apply to the proteids 
present. In only one case was the amount comparable with that seen 
normally, and in three cases it was very notably diminished. As regards 
the ash, in one case the amount was about, or very slightly on the 
normal, in the others considerably below the normal. | 

The point of main interest is that there was no evidence of any 
retention of inorganic salts in the blood, and secondly that in the cases 
of hydruria only there might be as great a dilution of the blood as in 
the cases of polyuria. Thus, in No. 35, where the excretion of urinary 
water was enormous, the diminution in the proteids and ash of the blood 
was not so great as in No. 21, where hydruria only was present and 
where the animal survived the second operation, being killed in apparent 
good health. 
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It is clear that if the excretion of urinary water is very great the 
percentage of solids in the blood might be higher than in another case, 
where the excretion of urinary water is less. 

Unfortunately, I have no observations on the total volume of blood 
obtainable at death from the cases of polyuria, as compared to that 
found in cases of hydruria. Owing to emaciation, etc., it is difficult 
to obtain enough blood for the necessary analysis from animals with 
polyuria, so that it is probable that in cases where there was great 
wasting the total volume of blood was less. In cases of hydruria this 
difficulty is not present. Although animals like No. 21, with hydruria 
had a very dilute or hydremic blood, it is to be noted that no edema 
of the extremities, subcutaneous tissues, or serous cavities was ever 
observed. The only part of the body where there seemed to be an 
excess of fluid was the cranium, where the cerebro-spinal fluid was 
certainly in excess. 


VIII. DoUBLE NEPHRECTOMY AND LIGATURE OF THE URETERS. 


A few observations were made on the results of these operations 
in order to compare the phenomena produced with those seen after 
excision of large quantities of the total kidney substance. Three points 
were more especially investigated :— ; 

(1) The height of the blood-pressure. 

(2) The percentage amount of nitrogenous extractives in the blood 
and tissues, and the distribution of these extractives in the various 
tissues. 

(3) The relation, if any, between the amounts of urea previously — 
excreted on a known diet, and the actual amount of urea found in 
the tissues after this operation, te, Was the amount of nitrogenous 
extractives found in the body greater than the amount retainable, 
if the rate of formation of urea remained the same, and there was 


- no excretion owing to the ligature of the ureters, or the excision of 


both kidneys ? 

(1) The height of the blood-pressure. It will be remembered that 
in the animals where three-quarters of kidney weight was removed, the 
blood-pressure was not low, although the animals were in an extremely 
cachectic condition. Thus when the animals were so emaciated as to be 
scarcely able to stand, the blood-pressure under chloroform was actually 
about 100 mm. Hg. This is in great contrast to what is seen after 
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double nephrectomy or after ligature of both ureters. The -blood-" 
pressure is then very low, e.g., 30 mm. Hg. at a time when the animal 
is quite lively and able to run about, and at a time when the percentage 
of extractive matters in the blood may be quite as high as in the cases 
of partial ablation, where the blood-pressure may still be high. No. 31 


is a good illustration of this point, and also the first and second ureter 


case quoted in the Table. In all these three cases the blood-pressure 
was very low, but the percentage of extractive nitrogenous matters in 
the blood, however, was not greater than that seen in Nos. 23 and 28, 
where the blood-pressure was far higher. It was only possible in two 
out of the five cases to determine the specific gravity of the serum, but 
in these two instances the specific gravity was low, and in one it was as 
low as that seen in Table (see p. 481) after the typical operation. This 
low density of the serum was probably due to the thirst seen after the 
operation of ligature of both ureters or of double nephrectomy. 

In ‘none of the five cases given above was vomiting a marked 
symptom, the occurrence of which would, no doubt, lead to an increase 
of the density of the serum. 

(2) The percentage amount of nitrogenous extractives present and 
their distribution in the tissues. It will be seen from the Table above 
that even in so short a period as three days there is an enormous 
increase in the amount of extractives present. The amount of nitrogen 
present in the blood, yielded by Dupré’s method, if reckoned as urea, 
may be as much as from ‘28 to *32°/, of urea, quantities greater than 
those seen in many of the ablation experiments, but not greater than 
those seen in Nos. 28 and 23. This is a point of some interest, | 
inasmuch as when the blood, etc., contained these large amounts of 
nitrogenous extractives after ligature of the ureters, the animals were 
more ill than in the cases where the same large amount was observed 
after partial nephrectomy. Doubtless this is due to the fact that in 
one case all urinary constituents were retained, whereas after partial 
nephrectomy the large excess of nitrogenous extractives is, as seen 
above, dependent, not on retention but on increased production, and it. 
is doubtful whether there is any retention at all of toxic substances, 
seeing the large quantities of urine passed. = 

As regards the distribution of these extractives in the tissues, there 
is after double nephrectomy and after double ligature of ureters, a 
similar but rather more uniform distribution than that seen after 
partial nephrectomy. In the latter case the percentage of nitrogenous 
extractives in the liver was usually decidedly less than that found in 
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i . the blood and muscles; after double nephrectomy this was not quite so 

obvious; it is quite possible that this small difference may have been 

due to the fact that, owing to the low blood-pressure the tissues con- 

| tained more blood, less being obtained by bleeding, which would tend 

om | to make the percentage amount of nitrogen more uniform in the 

various tissues. With this exception, after double nephrectomy the 

amounts of nitrogenous extractives and their distribution in the body 

tissues are very similar to those seen after partial nephrectomy, «.¢. after 
the removal of three-quarters of the total kidney weight. 

(3) Relation between quantity of urea excreted previously and the 
amount of mtrogenous extractives present in the tissues after double 
nephrectomy. If the views advanced above are correct, z.¢. that after 
removal of three-quarters of the total kidney weight, there is an 
increased production of urea, it is clear that after double nephrectomy 

there might also be an increased production of urea, etc. In this way 
the accumulation of nitrogenous extractives actually formed might not 
be entirely due to retention. To test this question, four experiments 
were made as follows :—the urea output on a known diet’ was deter- 
mined, and thus an average daily excretion determined. The double 
nephrectomy or double ligature of ureters was then performed, and the 
animal killed 72 hours after the operation. In two cases, Nos. 40 and 
41, the animals died between 48 and 60 hours after the operation. 
During these three days after operation the appetite failed so much 
that no food was eaten, and hence it is obvious that if the animal had 
been simply starved without operation there would not have been as 
great an excretion of urea as that which took place previously in the 
same animal on a given diet. Nevertheless, for our present purpose 
we will assume (as seen in Table, p. 487) that in these three days three 
_ times the previous daily urea output should have been excreted, and 
was retained, owing to the double nephrectomy. Two methods present 
themselves to determine whether the amounts of nitrogenous extrac- 
tives present in the tissues of these animals at death are at all 
comparable to the quantities of urea which, theoretically, ought to have 
been retained. One method is the determination of the actual amount 
_of urea present in the blood, muscles, etc., a method only valuable with 
very rigid and careful chemical determinations. The other, to take 
two animals, A. and B, of as nearly as possible the same Weight, to 


1 It must be remembered that this diet was what the animal chose to eat, the quantity 
of biscuit was not limited. 


ay 
a 
4 
1 
4, 
a 
“4 
4 


490 J. R. BRADFORD. 


determine in A the daily output of urea, then perform double neph- 
rectomy, and after 72 hours kill the animal by bleeding and determine 
the percentage amount of nitrogen present in the blood, muscles, 


tissues, etc. In the animal B* inject into the blood the amount of | 


urea that ought to have been passed by A during these three days. 


Kill the animal B by bleeding, and determine the percentage amount 


of nitrogen in the blood, muscles, liver, etc., and compare these with 
the amounts actually found in A. This was the method adopted. 

Before discussing this question further we must consider briefly the 
results following the injection of varying quantities of urea into the 
jugular vein, after preliminary ligature of the ureters. In some cases 
the bile-duct. was also ligatured in order to eliminate the possibility of 
any considerable excretion of urea occurring wid the bile-duct after 
ligature of the ureters. 

The urea was dissolved in a small volume of water—usually 50 c.c.— 
and injected into the jugular vein; five minutes was the time generally 
taken for the actual injection. The ureters were ligatured close to the 
bladder immediately after the preparation of the jugular vein, and 
immediately before the actual injection. The ureters, therefore, were 
only tied a few seconds before the injection, and hence the results were 
not vitiated by the retention of any appreciable quantity of urea prior 
to the injection of the known quantity. When the bile-duct was 
ligatured this operation was carried out previously to ligature of the 
ureters. The anesthetics used were chloroform and morphia, and the 


- animals were always killed by bleeding at varying intervals after the 


injection. When the duration of life was prolonged for some hours, 
e.g. in one case for six hours, further doses of morphia were used in 
addition to the chloroform, so that the animal remained anzsthetised 
the whole time. 


IX. UREA INJECTION RESULTS. 


The percentage distribution of urea in the tissues is again very 
similar to that seen after double and after partial nephrectomy, that 
is to say, the largest amount is in the blood and the smallest in the 
liver,—that seen in the muscles being intermediate between these two. 


1 After ligature of ureters, otherwise the urea injected would be rapidly excreted. As 
the animals were in some cases killed a few minutes after the injection, the small quantity 
of urea present in the pelvis of the kidney may in these cases be neglected. 
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The small quantities found in the liver might be explained by the 
excretion of urea by the bile-duct, for which reason this duct was 


so little should have been recovered. Of course this is in part due to 
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urea 

Wi ofurea injected of life . Muscle 

of inj ilo alter 


in grms. ingrms. of body-wt, injection Dupré Kjeldhal Dupré Kjeldhal Dupré 


14520 20 1°3 br. 09 1 6 14 
6160 10 14 lghrs. 08 14 #0 04 
11440 10 0-9 03 “04 
7040 2-8 14 8 
5940 20 1 ‘1 1 +18 1 
5940 16 028 
4620 10 21 mins. “11 117 065 038 
5500s 15 2°7 12 075 
7040 80 4-2 ‘16 085 


This Table shows that the average amount of nitrogen present in the blood in the 
form of an extractive, soluble in absolute alcohol and yielding its nitrogen to the Dupré 
process is °06 °/,, when the quantity of urea injected is 1:3 grms. per kilo and To when 
the quantity of urea injected is 3 grms. per kilo of body weight. 


ligatured in one case, but this operation was not followed by any 
increase in the amount of urea recoverable from the liver. .Hence the 
excess of urea in the muscles over that present in the liver cannot be 
due to any excretion of urea by the liver into the bile-duct, it is 
dependent upon the urea injected into the blood stream being stored in 
the muscles. The urea is probably first excreted into the lymph and 
afterwards accumulated in the muscular lymphatics, It is clear from 
these injection experiments that the mere fact of the muscles con- 
taining a larger quantity of urea than the other tissues or even more 
than the blood, cannot be used as an argument in favour of the urea or 
other extractive being formed in the muscles, since if it accumulates in 
the muscles after intravenous injection it is probable that it would 
equally accumulate in the muscles if retained, owing to the deficient 
excretion, or if it were produced in excessive amounts. It is remark- 
able that, considering the large quantities of urea injected, comparatively 


the loss of urea in the process of extraction, but it is also probably due 
to elimination by other channels, e.g. the alimentary canal. It was on 
account of this difficulty in recovering the amount injected, and there- 
fore. the difficulty in deducing from the percentage amount in the 
tissues the probable quantity of urea retained or produced in the 
body, that experiments were made by injecting quantities of urea 
into normal dogs after ligature of the ureters in order to control 
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cssidiiian determining the amount of the extractives present after 


total nephrectomy. These experiments are given below. 


Comparing Tables on pp. 487 and 491 it is seen at once that by the 
injection of large quantities of urea it is possible to raise the percentage 
of urea in the blood to an amount comparable to that seen after double 
nephrectomy. The same increase was not seen in the extractives of 
muscle, Here there was only one out of the ten cases where the in- 
crease in the muscle extractives was sufficient to cause as much as 1 per 
thousand of N to be present. As the mass of the muscles is so great 
it is clear that the actual amount of nitrogenous extractives soluble in 
absolute alcohol must have been greater in the nephrectomy experi- 
ments (Table, p. 487) than in the injection experiments (Table, p. 491), 
even when the percentage amount in the blood was the same in the 


two cases, since in the nephrectomy cases there was a more uniform 


distribution than in the injection cases, where the only high percentage 
was in the blood. This is seen if we compare four out of the five 
nephrectomies, the four where the data are available for ascertaining 
the probable amount of urea production, 1.e. Nos. 30, 31, 40, and 41, 
with the four of the injection experiments, ze. H, F, G, Z. 

These four injection cases are selected, since the weights of the 
animals approximate to those of the duuble nephrectomy series. To 
simplify matters, only the nitrogenous extractives in the blood and 
muscles, soluble in absolute alcohol, are considered in the Table, and 
the nitrogen liberated by the Dupré method is alone considered. It 
is seen from this Table that the amount of nitrogenous extractives in _ 
the muscles is greater in percentage amount in the nephrectomy series 
than in the injection series. Further, even where the percentage in 


the blood corresponds in the two series, the percentage in the muscles 


may be twice as great in the nephrectomy series as in the injection 
series, 

These four injection cases and the four double nephrectomies also 
seem to throw light on the question whether after double nephrectomy 
the production of urea is increased. In the double nephrectomy series 
an estimate of the amount of urea theoretically retained was made, 
based on the quantity of urea excreted by these animals on a certain 


diet. 


As explained above this estimate is too high inasmuch as no food 
was eaten after the operation of double nephrectomy or of double 
ligature of the ureters, but that does not materially affect the present 
question. In dogs Nos. 30 and 31 some quantity less than 27 grms. and 
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12 grms. would, therefore, theoretically have been retained in the three 
days of survival after the double nephrectomy, and this quantity calcu- 
lated with reference to the body weight yields something less than 
3 grms. and 22 grms. per kilo of body weight respectively. In dogs 
Hand F quantities of urea, comparable to these were injected, as seen 
in the Table below. In dog H the injection of 30 grms. (4°2 grms. 
per kilo) raised the percentage of urea in the blood to the same as that 
in dog No. 30, where the maximum quantity of urea that could be 
retained was less than 3 grms. per kilo. 


of N 


es soluble in 
absolute alcohol 
; Urea injected Ratio of Blood 
Body wt. urea to. —— Muscle 
Dog in grms. Operation in grms. body wt. as Urea as N 
80 8800. Ureter Less than27 3grms. ‘15 ‘325 ‘175 
ligatured per kilo 
H 7040 Urea 30 4°2 grms. "15 °825 085 
injected per kilo as 
31 5280 Double Less than 12 ? 2°3 grms. 09 195 13 
per 
F 4620 Uren 10 2°1 grms 11 238 065 
injected per kilo 
4840 Ureters Between 3°7 358 12 
18 & 12 & 24 grms. 
per 
G Urea 15 “2°7 grms 075 
7 injected per kilo 7 
41 6600 Ureters Between Between spoilt spoilt 09 
ligatured 15 & 10 & 1°5 grms. 
Z 6160 Urea 10 - 1°6 grms. 08 05. 
injected per kilo 


— In dogs No. 31 and F, the percentage amounts in the blood nearly 
coincide. In both 30 and 31 however, the extractive matters in the 
muscles soluble in absolute were far in excess of those seen in H 
and F. 

In dogs Nos. 40 and 41 the same conclusion is arrived at, and is 
perhaps even more marked, as neither of these animals lived three days, 
and therefore the quantity of urea that might be retained is in dog 
No. 40 probably nearer 12 grms. than 18 (6 grms. per diem), and in dog 
No. 41 nearer 10 grms. than 15 (5 grms. per diem). 

From these observations it is probable that after double nephrectomy 
or after ligature of the ureters the quantity of nitrogenous extractives 
found in the blood and tissues, and especially in the muscles, is greater 
than can be accounted for on an hypothesis of simple retention of the 
urinary products of a normal metabolism, and these results are quite 
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in accordance with the facts described above, showing that when the 
amount of kidney: substance is greatly reduced there is a breaking — 
down of the proteid tissues of the Lisson as shown by the increased © 
urea excretion. 


X. CONCLUSION. 


It will be convenient to shortly summarize the principal results 
obtained and described above. 

1. Excision of a wedge from one kidney tends in most cases to be 
followed by a variable amount of atrophy of this kidney, whether the 
second kidney be removed or not. 

2. Excision of a part of one kidney, or even of portions of both 
kidneys, is an operation not followed by death, and often there is no 
great disturbance of health, except a variable amount of wasting, 
generally slight and transitory in duration. 

3. If approximately two-thirds of the total kidney weight be 
removed the operation is not followed by death. 3 

4, If approximately three-quarters or more of the total kidney 
weight be removed, prolonged survival i is impossible, death occurring 
in from one to six weeks. 

5. Death occurs from asthenia, great wasting is present, but coma 
and convulsions were not observed; in some dogs previously to death 
the temperature falls and haccmaih subnormal. 

6. Death is apparently dependent rather upon the quantity of 
kidney substance removed than upon any mutilation inflicted by the 
operation procedures. 

7. Excision of a portion of one kidney is followed by an increase 
in the améunt of urinary water, sometimes transitory in its nature and 
not accompanied by any increase in the solids of the urine. 

8. The excisions of portions of both kidneys are followed by a 
more considerable and more permanent increase in the amount of 
urine passed, but unaccompanied by any increase in the solids of 
the urine. | 

9. The excision of approximately two-thirds of the total kidney 
weight is followed by a considerable and practically permanent increase 
in the amount of urine passed, but there is no considerable permanent 
increase in the amount of urea excreted. 

10. The excision of approximately ii ecg of the total 
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_ kidney weight is followed by a very great increase in the amount 
of urinary water, and also Y an increase in the amount of urea 
excreted. 

11. This increase of urea is either absolute or relative, siailate 
where the appetite does not fail materially, and food is still taken; 
relative where, owing to anorexia, little or even no food is taken. In 
the latter case the amount of urea excreted is as great as that excreted 
previously on a full diet. 

12. The fragment of kidney left is quite able to excrete sinounts 
of urea far larger than those usually excreted as shown by giving the 
animals considerable quantities of an exclusively meat diet. A con- 
centrated urine, however, is not passed, the increased output of urea 
being effected by an enormous increase in the amount of urine. 

13. There is a considerable increase in the amount of nitrogenous 
extractives in the blood and tissues, particularly in the muscles after 
excision of large portions of the total kidney weight. 

14. This increase is most marked in the cases where three-quarters 
of the total kidney weight have been removed, but it may be seen to a 
slight extent in the cases where two-thirds of the total kidney weight 
have been removed, where saare had been slight polyuria and slight 
wasting. 

15. This increase in the aitengenous extractives of the tissues is 
not only seen when there is no diminution in the excretion of nitrogen, 
but also when the nitrogen output is increased. 

16. The blood-pressure remains high even when the animal, after 
excision of three-quarters of the total kidney weight, is moribund, 
but no obvious cardiac hypertrophy was found _ mortem nor any 
arterial change. 

17. Division of the renal plexus on one side, with subsequent 
excision of the opposite kidney, was not found to produce any marked 
change, either in the general economy or in the amount and nature of 
the urine. 

18. Excision of large quantities of the liver is not followed by any 
increase in the urinary water, or by any disturbance of the urine akin 
to that seen after partial nephrectomy. In other words, the results 
described above depend upon a specific disturbance produced by the 
kidney lesion, and are not simply due to a great disturbance of health 
brought about by a severe operation. | 

19. The distribution of the excess of the nitrogenous extractives 
in the blood and tissues after partial nephrectomy is similar to that 
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seen after double nephrectomy and after the intravenous injection of 

20. After partial fatal nephrectomy or after complete. double 
nephrectomy there is a greater accumulation of these extractives in 
the’ muscles, and as tested by the injection method the quantities in 
the muscles are too great to be accounted for by the mere retention of 
the products of a normal metabolism. 

21. I would therefore suggest that when the amount of available 
kidney substance is greatly reduced the tissues of the body, and more 
especially the muscles, rapidly break down and liberate urea. I have 
no observations to show whether this is dependent upon the cessation 
of the action of an internal secretion supplied normally by the kidney. 
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ON THE QUANTITATIVE ANALYSIS OF POTASSIUM 
AND SODIUM IN URINE. By W. P. HERRINGHAM, 
M.D., F.R.C.P. 


IN the course of a long ‘series of experiments on urine involving the 
quantitative estimation of the potash salts contained in it, I hiave found 
so many difficulties in the process, and so many fallacies in the methods 
given in text-books, that I think it worth while to describe that which 
I have been led to adopt, which is modified from that given in the latest 
edition of Neubauer and Vogel’. 

Potassium is or may be present in the urine as chloride, sulphate, 
phosphate, and ethereal sulphate (Skatoxyl or Indoxyl potassium 
sulphate). The chlorides are volatile with heat when dry, and this 
produces the chief difficulties. 

Evaporate 100 c.c. of urine with about 5 grammes of ammonium 
sulphate to dryness, and fuse on a platinum capsule to a white residue. 
It is generally needful to add a drop or two of sulphuric acid to get this 
result. The white residue contains the salts as sulphates, possibly 
some as phosphates, and probably free phosphoric acid. Dissolve in 
boiling water to which a little HCl has been added. Add to it while | 
boiling barium chloride gradually until no more barium sulphate is 
precipitated. This usually takes 60 to 80c.c. of a standard solution of 
30°5 grammes to the litre. Leave overnight and it will filter well. The 
filtrate contains the salts as chlorides or phosphates and free HC! with a 
little excess of barium chloride. Render alkaline with ammonia. The 
alkaline earths are precipitated as phosphates, and the liquid must be 
tested with barium chloride to see that no free phosphoric acid remains. 
Filter again. The filtrate contains the salts as chlorides, together with 
ammonium chloride, free ammonia, and baryta. Add caustic soda solu- 
tion until the fluid is alkaline with fixed alkali. The baryta can now 
be fully precipitated with sodium carbonate and filtered off. 

- The resultant filtrate contains the salts as chlorides, the excess of 
sodium carbonate, additional sodium chloride produced by the caustic 
soda, the excess of caustic soda and free ammonia. It must be now 
boiled and reduced in volume until the ammonia is driven off. Addition 
of HCl to neutralization then leaves sodium and potassium chloride, 


1 Anleitung zur Q. u. Q. Analyse des Harns. ‘g* Aufl. Analytischer Theil von 
Huppert, p. 455. 
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and free CO, which is driven off by boiling. After evaporating to about 
100c.c. add 30 to 50cc. of a 10°/, solution of platinic chloride, and 
evaporate almost to dryness. After cooling add alcohol which dissolves 
the sodium double salt, filter, dry at 100°C., and weigh, on an asbestos 
filter previously dried to a constant weight. The filtrate must be again 
tested with platinic chloride and left standing for 12 hours. 

Huppert advises the precipitation of the baryta by ammonium — 
carbonate. This leaves ammonium chloride in the final,solution and 
as ammonio-platinic chloride is as insoluble as the potassium salt, the 
ammonium chloride has to be expelled by evaporating the solution to 
dryness and heating the residue. I am satisfied that this cannot be 
done without loss of the potassium and sodium chlorides as well. I 
have never been able to recover within 4 per cent. of the whole amount 
of potassium in trials of this method, whereas by my own modification 
the error is less than 1 per cent. When there is much ammonium 
chloride present, and the heating is prolonged, the loss of potassium is 
much greater. 3 

If it be wished to estimate the sodium salts as well, the final 
solution of chlorides can be evaporated to dryness in a water-bath 
cooled in a desiccator, and the total of the two chlorides weighed. If 
standard solutions of the sodium carbonate and caustic soda have been 
- used and the amount of each noted, the chloride derived therefrom can 
be calculated and subtracted from the total. The original sodium 
chloride can then be calculated from the remainder by subtracting the 
potassium chloride calculated from the double salt with platinum. 

The closer the quantities of the reagents are kept, the less difficulty 
will be experienced. Add only just enough HCl to dissolve the 
sulphates, and the ammonium chloride will be reduced; the same with 
the. ammonia ;. to lessen these minimises the amount of soda requisite. 
The amount of sodium carbonate necessary depends upon the excess of 
barium chloride, which must therefore be kept as low as possible. If 
there is much excess of sodium salts two things must be remembered, 
first that if HCl is added to excess it will precipitate the sodium 
chloride, second that if platinic chloride is not added to sufficiency the 
addition of alcohol will also precipitate sodium chloride, Every addition 
of sodium salt needs an additional quantity of platinic chloride, but as 
. the platinum can be recovered from filtrate and precipitate this adds _ 
very little to the expense of the analysis. : 

The whole process is very lengthy and troublesome, but unless all 
_these steps be carried out, no estimation of these bases is trustworthy. 
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THE PHYSIOLOGICAL ACTION OF CERTAIN MINERAL 
WATERS AND BATHS ON THE BLOOD, AND ON 
THE EXCRETION OF UREA AND URIC ACID: 
WITH A NOTE ON THE QUANTITATIVE RE- 
LATIONSHIP BETWEEN URIC ACID AND LEU- 
COCYTES. By WILLIAM BAIN, M.D. Durham, M.R.CP., 
anD WILFRID EDGECOMBE, M.D. — F.R.CS. (Six 
Figures in Text.) 


THE ‘dinwing observations were made on the authors themselves, and 
extended over a period of 77 days. Their health was perfectly normal 
throughout, and, other conditions being constant, the results must 
therefore be regarded as purely physiological. 

Points examined. These consisted of the. determination of the 
total daily excretion of urea and uric acid, the estimation of the 
hemoglobin and corpuscles, and the enumeration of the leucocytes. 

Methods adopted. For the determination of urea the hypobromite 
method was used, Gerrard’s instrument being chosen. Uric acid was 
estimated by the Gowland Hopkins process. The amount of hemo- 
globin was determined by means of Oliver's hemoglobinometer, and 
the volume of the red corpuscles estimated by Oliver’s opacity tube. 
At the outset, and for some time subsequently, parallel enumerations 
of the red corpuscles were made with the Thoma Zeiss counting 
chamber, but these were found to agree so accurately with the 
volumetric method (the variations never exceeding the physiological 
limits) that enumeration was discarded as unnecessary. The leucocytes 
were counted in the Thoma Zeiss chamber, the diluting fluid being 
acetic acid ‘2 °/, with methyl violet, and the amount of dilution 
1 to 200. 

The total urine of the 24 hours was collected daily for the 
estimation of urea and uric acid. The blood was examined once a day, 
the time chosen being immediately after rising in the morning, when 
the blood is at its most constant point, and before being disturbed by 
bath, exercise, or breakfast. For a certain period the blood was also 
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examined the last thing at night to ascertain if any change took place — 
in the normal daily fall in worth of the corpuscle. 

Diets. The diets consisted of the following, differing somewhat 
in the two subjects: they were continued unchanged throughout the 
investigation. 

Subject A. Weight 66 kilogrammes. 

Breakfast. Bacon 56 grms. One egg. Toast 56 grms. Coffee 
378 c.c. 

Lunch. Meat 75 grms, Bread 56 Cheese 14 grms. 
2 biscuits. Water 378 c.c. 

Tea. Tea 284c.c. 2 small biscuits. 

_ Dinner. Meat 113 grms. Bread 56 grms. ensiens:’ 56 grms. 
Cheese 14 grms. 2 biscuits. Water 567 cc. Coffee 142 CO. 

Subject B. Weight 79 kilogrammes. 

Breaktast. 1 egg. Bacon 56 grms. Toast 56 grms. Coffee 
567 c.c. 

Lunch. Ham 75 grms. Bread 28 grms. Milk 284 cc. 

Tea, Tea 284c.c. 4 large milk biscuits. 

Dinner. Meat 75 grms. Toast 56 grms. Cheese 28 ™. Water 
567 c.c. Coffee 1 apple and 6 filberts. 

It should be mentioned that B was previously in the habit of — 
taking rather less meat than the amount he consumed during dieting. 
Other conditions were as far as possible constant, B taking a fixed 
amount of eycling daily, while A took a moderate amount of walking 
exercise. 

Normal Standards of the two Subjects, To determine the nienel 
standards the diet was taken for a week before testing; then 
estimations were made daily for a further week and the average taken, 
This proceeding was repeated on a subsequent occasion after an 
interval of two months with almost identical results: the — 
average is given below. 


Uric acid Urea 

in grms. in grms. 
A 679 36°94 
B ‘541 35°76 


The average level of the worth of the corpuscle was in the case of 
A 1:00, in the case of B who was taking more exercise 1°02. 

According to Dr Haig. there is a definite ratio between the 
excretion of uric acid and urea, viz. 1 to 35. Our determinations for 
the test week showed the ratio to be: A 1 to 54; B 1 to 64; while 
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taking the total number of observations made on urea and urie acid 


the ratio became: A 1 to 55; B 1 to 76. 

Mineral Waters used. The mineral waters experimented with 
were those of Harrogate, These waters fall into- ‘two groups, Saline- 
Sulphur and Saline-Iron respectively. Examples ‘from each group 
were taken and their composition is given in Tables I. and II. which 


show the approximate amount of each ingredient, calculated from the 
latest (1897) skeleton analysis. 


Sulphur water “Mild Montpellier” “ Magnesia” 


Total solids 14°642 per mille 6°499 per mille _ 2°800 per mille 
Sodium sulphide 210 094 028 
” chloride 12°500 §°200 4 2°156 
Magnesium ,, 0656 368 
Barium 091 — 012 
Potassium ,, 013 075 ‘276 
Calcium carbonate 416 9922 184 
Magnesium ,, 082 
Tasie II. Saline-tron waters. 
“ Kissingen” “Chloride of Iron 
Total solids 6°252 per mille 6°350 per mille 
Sodium chloride 4°823 3°657 
Magnesium ,, "466 “754 
Calcium 617 1°223 
Potassium ,, 152 
Barium. _ : 
Ferrous carbonate 009 078 


It will be convenient to state here that the variations given below 
were identical in the two subjects though they differed somewhat in 
degtee: for economy of space one subject only is quoted in illustration 
of each point. 

Old Sulphur Water. This was taken for six successive days, the 
dose being 567 c.c. warm before breakfast. It produces a copious 
watery evacuation of the bowels. | hae 

On the Blood. Its effect was to cause a considerable fall in the 
worth of the corpuscle,.as is shown in Fig. 1, which records the morning 
observations alone. This is doubtless to be attributed to the effect of 
_ the sulphur compound contained in the water. After discontinuing 
the water the worth gradually returned to normal, attaining its — 
level in four days. 


A further point of interest lies in the effect of the water on. the 
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diurnal fall in the value of the corpuscle that normally takes place. 
Fig. 2, i records both morning and ‘evening observations, shows 
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Fig. 1. Subject A. Old sulphur water. 

a daily fall of about 5 °/, in the worth of the corpuscle during the days 
previous to administration of sulphur water, the morning observation 
being always higher than the evening. During the taking of the water 
this variation becomes reversed, and a day rise is observed, the worth 
being lower in the morning than at night, while at the same time the 
amplitude of variation becomes diminished. After cessation of the 
water the normal day fall immediately returns. This tends to show 
that when the worth of the corpuscle becomes rapidly lowered from 

any cause the lessened amount of hemoglobin has a tendency to be 

preserved, and the further loss that would normally take place i in the 
day to be checked, or even replaced by a rise. 

On Urea and Uric Acid. The effect of the water on urea and uric 
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_ acid is shown in Table III. The result was a gradual diminution in 
the amount of uric acid eliminated, with a slight increase of urea. 


6/7/81] T 13 | 14 | 15 | 16 | 18 | 19 22 | 23 
173 
\ ¥ 
(1-00 
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Old Sulphur | 


Fig. 2, Subject 4. Diurnal variations, showing reversal and diminished 

amplitude of variation. — 
After cessation of the water the uric acid gradually returned to its 
former level, while the urea showed a slight further increase. 
~- Mild Montpellier sulphur water. 567 c.c. of this water were taken 
_ hot before breakfast on four successive days. Its effect is very slightly 
aperient, consequently it is mainly eliminated by the kidneys. 

On the Blood its effect was to cause a similar fall in worth, or 


reduction of hemoglobin, as the previous water, though to a slightly 
less extent. | 
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“Tapie III. Subject A. Old sulphur water. 


‘Orie | 
Quantity Date acid Urea Quantity 


Te 


June grms. Cc. Remarks June grms, grms. Cc. Remarks 

6 718 389°4 985 | 12 674 86°0 1095 Old 8. water 

7 ‘688 878 1805 18 604 870 1865 

8 641 388° 13840 14 568 3876 1880 

9 615 1075 15 °490 87°17 1650 

10 ‘768 990 16 87°7 1425 

11 ‘631 387°0 1000 17 87:18 1480 
Averages before, ‘680, 36°94, 1116 Averages during, ‘583, 87°11, ur 


18 ‘639 374 1170 

19 88°35 . 1800 

20 685 406 1160 

21 679 8855 1985 
Averages after, °680, 38°73, 1228 

On Urea and Uric Acid. A diminished elimination of uri¢ acid 

again occurred, with practically no change in the urea, _ 


Taste IV. Subject A. Mild Montpellier sulphur water. 
Previous averages “680, 36°9, 1116 
Uric acid Urea — 


grms. grms. 
29 87°3 1405 ” ” ” 
30 600 37°6 1600 ” ” 


Averages °609, ‘3702, 1536 . 
36°1 1405 
694 965 
771 38°7 1026 

Averages ‘661, 37°01, 1130 

Magnesia water. Dose 567 c.c. before breakfast, four days. Clini- 
cally this water is used as a diuretic—it has no action on the bowels. - 

On Blood. The effect was merely to dilute the blood, no change 
taking place in the worth of corpuscle, though the hemoglobin and 

volume of corpuscles both fell in equal proportions. 


TABLE V. Subject B. Magnesia water. 
‘Previous averages  °546, 35°768, 1032 


m 


Uric acid Urea Quantity 
Date grms. grms. Remarks 
July 5 40°09 2110 Magnesia water 
4838 . 82°64 1280 
7 ‘463 j 8658 $1557 


Averages ‘522, 35°7, 1516 
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On Urea oo Uric Acid. Uric acid is: very slightly diminished, 
urea unchanged. 

Plain water. To ascertain the effect of the actual fluid ingested, 
567 cc. of hot water were taken for four days, before breakfast, as 
a control experiment. ‘The uric acid only was taken and was found to 
be slightly diminished, to about the same extent. as ocourred with the 
magnesia water. 
| Tastz VI. Subject A. Hot water. 
Uric acid Quantity Uric acid Quantity 


Date grms. Remarks Date _ erms. Remarks 
Sept. 28 666 950 Oct. 3 568 1775 Hot water 
29 *730 1170 4 699 1840 
30 “733 1380 5 2070 
Oct. 1 “705 1110 6. 693 - 1560 
659 1160 Averages °660, 1811 
Averages °678, 1154 


Kissingen water. Dose 567 c.c.—taken for four days. 

This water contains a small proportion of iron: it is slightly 
aperient. 

On the Blood. No effect was produced, the value of the corpuscle 
remaining stationary at about 1:00 in both cases, during the taking of 
the water. | 

On Urea and Uric Acid. A slight diminution of uric acid occurred, 
- about equal to that resulting from magnesia and from hot water. The 
urea was raised in both subjects, falling afterwards in the case of B to 
below normal, while in A the fall was merely to normal. 


Taste VII. Subject B. Kissingen water. 
Uric acid Urea Quantity 


Date grms. grms. Gc. Remarks 
July 9 ‘471 
10 “447 38°25 1700 
Averages *459, 36°66, 1354 
11 418 41°16 1960 Kissingen 
12 “459 38°34 1660 
18 “467 88°25 1530 
14 "889 37°12 1530 
Averages ‘437, 88°71, 1670 
950 
“478 81°45 850 
‘584 86°00 800 


Averages ‘539, 33°88, 867 
Before the acduniniatration of this water B’s uric acid was somewhat 
below his normal, while A’s was above normal, the reasons for which 
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could not be satisfactorily determined. In all probability there are 
factors in the production and elimination of uric acid which are not 
fully understood. | 
Chloride of tron water. Dose 567 ¢.c—taken for fourdays.. 
This water as will be seen from a reference to Table II. contains a 
fair proportion of iron. 
On the Blood. The effect was to cause a rise in the worth of the 
corpuscle in both cases. Appended is Fig. 3, showing the result in B. 
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Fig. 8. Subject B. Chloride of iron water. 


The high level of worth was sustained in the case of A for two days 
subsequently to the withdrawal of the water, before falling back to 
normal. 3 

On Urea and Uric Acid. The uric acid was markedly diminished, 
but immediately on cessation of the drug it returned almost to normal, 
in contrast to the gradual return to normal that occurred after discon- 
tinuance of the sulphur water. The urea was markedly increased, the 
increase being sustained after the water was stopped. 

Tea and Coffee. As a contrast to the mineral waters and plain 


water the effect of tea and coffee was tried. It will be seen from a 


reference to the diet that A took, throughout, 567 c.c. of coffee and 
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284 c.c. of tea in the day, while B took 142c.c. more coffee: the tea 
and coffee were always made of as nearly the same strength as possible. 


Taste VIII. Subject A. Chloride of iron water. 


Uricacid Quantity 
Date gram Remarks 

16 “753 35°85 995 

17 187 89°60 890 

Averages °755, 87°54, 1021 ; 

18 “742 39°6 880 Chloride of iron water 

19 . 655 43°2 1350 

20 "632 2050 

21 “588 41°6 1600 

Averages °654, 42°37, 1470 
22 735 44°98 1475 
23 “705 38°59 


Averages °720, 41°78, 1305 


First, tea and coffee were stopped entirely, the diet remaining 
otherwise the same, and their places taken by an equivalent quantity 
of plain water and cream. After four days’ abstention they were 
resumed in excess of their former amount at the expense of other 
fluid, so that the total bulk of fluid remained the same. The uric acid 
alone was examined and the result is shown in Table IX. Stoppage of 
tea and coffee is followed by an immediate rise in the amount of uric 
acid eliminated, while excess of the same diminishes it to below its 
former level. _ 


Taste IX. Subject B. Tea and coffee. 


Date — “Remarks 
Oct. 9 1140 
10 *554 1180 
11 *508 1110 
Averages °536, 1190 
12 681 1150 No tea or coffee : 
13 660 1260 ” 
14 528 1160 ” ” 
15 676 1020 ” ” 
Averages °633, 1147 
16 632 1530 Excess of tea and coffee 
17 "479 1250 ” ” 
18 1840 ” ” 


Averages °493, 1285 
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_ Phese results are at variance with the statements of Haig that tea 
increases the amount of uric acid in the urine. 

Massage. The last point examined was the effect of massage in the 
form of the massage douche (Aix-les-Bains system). This bath was 
taken for three successive days, the uric acid alone being examined: 
and the observation was repeated subsequently during three more baths 
after an interval of a week, with a similar result. Reference to Table X. 
will show that a marked rise took place in the amount of uric acid © 
eliminated, which in the case of the first series of baths was sustained 
for three days after cessation. In the case of B the rise was not well 
marked. It must be borne in mind in this connection that B was 
taking considerable cycling exercise daily while A only took a very 
moderate amount of walking. 


Taste X. Subject A. Massage douche. 


Quantity 
Date Remarks 
First observation. 
Sept. 24 739 
“736 1385 
26 677 1465 Massage douche 
27 715 1150 ” ” 
28 "835 1285 ” ” 
99 7199 1120 
30 810 1590 
Oct. 1 "846 1430 
Oct. 6 640 1850 
7 "687 1120 Massage douche 
8 “165 1230 ” 
9 “175 1460 


SUMMARY OF RESULTS ON URIC ACID. 


During the ingéstion of all the waters, plain water included, the 
output of uric acid was diminished in each case, though to varying 
degrees. The average amount of urine voided was increased with each 
water. It may be said and by some observers is affirmed, that when 
the excretion of urine is increased the amount of uric acid falls. To 
examine this point, the mean output of urine im cubic centimetres for 
all observations was ascertained for both subjects: next all those 


34 
q 
x 
* 
v 
4) 
4 
‘ 
wa 
¥ 
‘ 
: 
. 
q 
5 
4 4 
We: 


UREA AND URIC ACID. 509 


observations in which the output of urine exceeded the mean were 
examined and the average elimination of urine and uric acid calculated : 
similarly for all those observations i in which the output of urine fell 
below the mean. 


A. Mean output of urine for all observations = 1364 c.c. 
_ Average of all observations above mean = 1592 c.c.—“674 grm. 1 uric acid. 
below ,, =1132¢c—°700 


B. Mean output of urine for all observations = 1380 c.c. 
Average of all observations above mean = 1690 c.c.—:461 grm. uric acid. 
” ” ” below ” = 1140 c.c.—°479 


Thus there appears to be a slight diminution of uric acid excreted 
when the quantity of urine exceeds considerably its average amount. 
We suspect that the cause of this diminution is to be found in the 
method employed for the determination of uric acid. For when the 
quantity of urine is large, the actual amount of uric acid dealt with in 
testing is so small, that a narrow margin of error is apt to be introduced, 
and the reading obtained is rather less, proportionately, than would be 
the case were the urine more concentrated. 

The diminution of uric acid from this cause, however, is not 
sufficient to account for the amount of variation obtained with some 
of the agents experimented with above. 

We do not intend at present to draw any inferences from these 
results, but merely to record the facts as they stand, as we consider that 
any such inferences would, in the present state of our knowledge, be for 
the most part speculative. 

Note on the quantitative relationship between leucocytes and uric acid. 
During a portion of the investigation daily enumeration of the leuco- 
cytes were made, to ascertain if any relationship could be found between 
them and uric acid under the existing conditions. The leucocytes were 
counted once daily, as stated above, at the time when the blood is at its 
most constant point, viz. immediately on rising in the morning. This 
single observation was taken in preference to the mean of several 
observations during the day, as affording a more reliable indication of 
the actual number of leucocytes present: the latter method being open 
to error from the varying activity of the digestive functions, and other 
conditions, that might obtain from day to day. 

Not less than six slides were counted at each enumeration. 

The first point of interest lies in the comparison between the 
average number of leucocytes present, and the average amount of uric 
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acid eliminated the two subjects all observations 
included. 

A. Average number of leucocytes 6020—50 observations. _ 

Average excretion of uric acid ‘706 grm.—70 observations. 

B. Average number of leucocytes 7700—36 observations. _ 

Average excretion of uric acid grm.—70 observations. 

Throughout the investigation subject B consistently showed a 
greater number of leucocytes by nearly 2000 than subject A, while 


his elimination of uric acid was as consistently lower than A’s by about 


‘2 grm. 

A closer examination of the results showed that an inverse variation 
existed between the daily excretion of uric acid, and the daily number 
of leucocytes. Fig. 4 shows B’s leucocytes and uric acid, extending 


Uric 
acid 


Leucocytes grms /27/28/29/30| 1/2 | 3/4|5|6 | 21 
9500 
9250 -62 
9000 -60 
8750 -58 LIR Q 
8500 56) |] iy 
‘52 ae fe) 
6250s 
= ‘36 
5500 
5250 Leucocytes 4 
6000 Uric Acid} |O;--}+-- 


Fig. 4. Subject B. Daily chart of leacosytes and uric acid. 


over a period of 27 days. The inverse variation may be seen to hold: 
good generally though it does not occur on absolutely every day. In 
the case of subject A the variations that took place in the leucocytes 
lay within narrower limits than B: hence the inverse variation between 
them and the uric acid was not so obvious in a daily chart, though it 
could be detected. That it did occur, however, is shown in Fig. 6, 
which, with Fig. 5, shows the number of leucocytes and amount of uric 
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acid averaged for alternate periods when mineral waters were taken, 
and intervals when they were discontinued. The periods and intervals 


1 2 3 4 5 6 7 si {9 
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Uric acid 
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Fig. 5. Subject B. Average of periods shit tilacvala. 
averaged about three days each, and are numbered on the charts 1, 2, 
3 etc. Here the inverse variation becomes in both cases very marked. 


Periods }| 1 2 3 4) 5 6 7 


Se 


\ \ 


222 22 22 22 


Fig. 6. Subject 4. Average of periods. 
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-ALKAPTONURIA: A SIMPLE METHOD FOR THE 
EXTRACTION OF HOMOGENTISINIC ACID FROM 


THE URINE. By ARCHIBALD E. GARROD. 
Wolkow and Baumann’, who first isolated Homogentisinic Acid 


(Hydroquinone-acetic Acid) from the urine of an alkaptonuric in- 


dividual, described a method of extraction somewhat resembling that 
employed by Kirk? in his previous investigation of the same condition. 
This method, which is alike applicable to small and large quantities of 
urine, either directly or after evaporation to a smaller bulk, has been 
employed, with but slight modification, by all those who have since 


recorded examinations of alkapton urines. It is briefly as follows:—. 


After being acidified with 12 °/, sulphuric acid (250 c.c. for the total 


24 hours’ excretion of an adult) the urine is thrice shaken with an equal — 
bulk of ether. The ether is distilled off from-the collected extracts; 


the reddish-brown syrupy residue is dissolved in warm water; the 
watery solution is heated nearly to boiling and a concentrated solution 


of neutral lead acetate is added (30 cc. to 250 cc.). On cooling - 


acicular crystals of the lead salt of homogentisinic acid are deposited 
and continue to form for twenty-four hours. Although tinted by 
included pigment these crystals are nearly pure. 

Ogden® recommended the substitution of basic for neutral lead 


acetate, as he thus obtained a larger yield of the lead salt. This 


modification of the process has met with general adoption. 

In the course of an investigation of the urine from some cases of 
alkaptonuria I have found that it is possible to extract homogentisinic 
acid in the form of its lead salt by the following extremely — 
process :— 

The urine itself is heated nearly to boiling without any preliminary 
treatment, and for every 100 c.c. of urine at least 5 or 6 grammes of 

solid neutral lead acetate are added. 


1 Zeitschr. f. physiol. Chemie, xv. p. 228. 1891. 
* Brit. Med. Journal, 11. p. 1017. 1886. ibid. 1. p. 232. 1888, 
Chemie, xx. p. 280. 1895. 
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_ As soon as the acetate is dissolved, the bulky grey precipitate which 
forms is removed by filtration, and the filtrate, which has a pale yellow 
colour, is allowed to stand for twenty-four hours in a cool place. 

If the urine be very rich in homogentisinic acid, or if the flask 
containing it be placed upon ice, minute acicular crystals, which are 
almost colourless, quickly begin to form, but as a rule crystallisation 
does not commence until several hours have elapsed. The crystals are 
then much larger, are grouped into stars or rosettes, and are more 


deeply coloured. 


In summer weather it would scat be desirable to start the 


_ erystallisation by artificial cooling, but although at a low temperature 


the process is greatly accelerated, the final yield is not materially 
increased. 
If the formation of the crystals be long delayed the liquid may be 
again warmed, and some more lead acetate may be used. 

After the lapse of twenty-four hours no more crystals are formed, 
even when, the liquid is allowed to stand upon ice. 

The crystalline product so obtained is lead homogentisinate. When 
the crystals are dissolved in hot water the solution takes a deep brown 
colour with alkalis, reduces Fehling’s solution readily with the aid of © 


_ heat, and yields a transitory deep blue colour with a dilute solution of 


ferric chloride. From the lead salt free homogentisinic acid may be 
vbtained by decomposing it with sulphuretted hydrogen. 

Moreover the product is not less pure than that extracted by 
Wolkow and Baumann’s process, as the following figures show :— 


0°4278 grm. of the crystals lost at 100°C. 0°0390 grm. of water of 
crystallisation = 9°11°/,, whereas the percentage calculated from the formula 
(C,H,0,)? Pb + 3H,0 is 9-08. 

0:2710 grm. of the dried crystals, repeatedly treated with sulphuric acid 
in a platinum crucible, to constant weight, yielded 0°1510 grm. of lead 


sulphate, corresponding to 38-05 /, of lead. The calculated percentage 


for water-free lead homogentisinate is 38°25. 


The amount of neutral lead acetate mentioned (5. or 6 grm. to 
100 c.c.) has sufficed to bring about the separation in the two urines 
to which I have applied the method, and although I have tried the 
substitution of mixtures of the neutral and basic acetates in various 
proportions the Focus of homogentisinate has not been materially 
increased. 

The yield of lead homogentisinate by this method is curiously 
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uniform and with each of the urines examined was considerably greater 
than that obtained by Wolkow and Baumann’s process. One of these 
urines passed by an infant aged 15 months, is very scanty in amount 
and exceptionally rich in alkapton acid. | 

The following figures illustrate the eens of the results 
obtained :— 


Urine Yo. 1. 
100 c.c. yielded 0:54 grm. of lead homogentsinate 
100 c.C, 0 ” 99 
” 1:36 ” ” 
with 3 grms, neu | 
and 2 grms. basic {100 Se 
lead acetate 3 
Urine No. 2. 
100 «ec. ” 0:29 ” ” 
100 C.c. ” 0°28 ” ” ” 
| 500 c.c. ” 1°50 ” ” ” 


Marshall’, who added a solution of basic lead acetate to the urine 
direct, in the cold, extracted the alkapton acid from the precipitate so 
formed, and not from the filtrate. The precipitate after being washed 
‘with dilute alcohol was decomposed with sulphuretted hydrogen, and 
_ after the excess of sulphuretted hydrogen had been boiled off, the hot 
liquid was saturated with lead carbonate. 


1 Medical News, Philad. u. p. 35. 1887. 
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